




INCUBATORS 

AND 

Chicken Rearers 

HOW TO MAKE AND MANAGE THEM 


WRITTEN BY EXPERTS 


WITH 124 ILLUSTRATIONS 



CASSELL AND COMPANY, I TD 
London, New Ycrk, Toronto and Mell.purne 










firnl jmblislu'il Fthi uiiry 1'>1 ’ 

Hepriuled Sej'Uinl'ei l!*!", May Mii‘i Ayn! 1 ‘> 17 , .V-iril I9is. 

StpifiiiOrr ilti'ih iy;’u. 



PUBLISHERS’ NOTE 


'i'liis handbook replaces and supersedes a pamphlet entitled 
" Incubators and Chicken Rearing Ajjplianccs,” which, 
since its first jmblication upwards of fourteen years ago, 
!ia.s sold in enornK)Us numbers, and has been used as a 
|iiiictical guide to incubator mutters the wide world over. 
'I'lie inforni.ition in that pamphlet, with the exception ot 
, 1 , few pages here included, has naturally become out of 
d.ife, and the ])rcsent book is publislied in response to a 
di’.mand tor a chca[) but essentially up-to-date and reli- 
■ ible work. 

Much of the matter in tliis handbook consists of con¬ 
tributions by “Leghorn,” Wm. Pauli, Lionel Hall, and 
oiliei cxjrerts, to “Work,” the Illustrated Weekly Journal 
"I 1 landici'iifts. The Editor of that Journal will be glad 
t.o answer any questions connected with this book which 
may be sent to him by iuterested reailers. 
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INCUBATORS AND CHICKEN 
REARERS 


CHAPTEE I 

Principles of Incubation, Natural and Artificial 

An iiKulmUir is an appliance for artificially incubating 
<'”gs. 'J’hc verb “ to incubate ” suggests lying upon or 
sitting u[ion, tbis being the means by which a broody hen 
her eggs warm, the heat of her bod)-, some degrees 
liighor than norrnal, being transmitted to the eggs. In an 
inenl^ator, the egg-chamber is kept warm by the heat 
Iraii.sinittcd b) it by hot water or hot air, depending upon 
dll' typo of apjiliauee employed. Eggs have been success¬ 
fully hatched out in a very primitive arrangement, con- 
.-isting of little more than a box wanned by an oil lamp, 
liut .‘IS uniform success in artificial incubation depends 
'•.•'sentially on close imitation of natural conditions, it 
follows that a reliable incubator must possess the means 
of ensuring an equable temperature comparable with that 
of (he broody hen's body, and for this purpose it must be 
provided with a reliable heater giving a uniform flame, 
with means of circulating the heat, with a thermometer 
and with a heat regulator.: 

B 
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The advantages of the artificial method of incubation 
over the old practice of setting eggs under .broody hens 
are so obvious as to have nearly overcome all prejTidices. 
The broody hen is undoubtedly preferable where only a 
few chickens are reared, but where hatching is on a large 
scale, or chickens arc wanted at seasons when broody hens 
are scarce, it is absolutely essential to use. an incubatoi-. 

To operate an incubator successfully, some knowledge 
is necessary of the nature of the egg, and the change., 
which it undergoes during the jirocess of incubation. 
Roughly speaking, an egg consists of four distinct parts, 
namely, the shell, the membranes just inside the shell, tin' 
albumen or white, and the yellow yolk. The shell is porous, 
and allows of the evaporation of Ihe moisture of the egg. 
At the large end of the egg is a small air-cell, which, at 
first not larger than a sixpence, increases us the moisture 
in the egg evajjorates, until at the time of hatching i( 
occupies nearly one-fourth of the interior. On the u])pcr 
surface of the yolk is the germ-spot, a tiny disk about 
J in. in diameter, containing, if the egg be fertile, a tiny 
living germ. The yolk floats freely in the white, and in 
such a way that the germ-spot is always uppermost. The 
germ is the chick in embryo, and upon its proper develop¬ 
ment the whole, success of incubation depends. It i.' 
extremely delicate, hence the necessity for great care in 
handling and storing the eggs. In winter the eggs should 

be collected several timet a day, to prevent them getting 
2 
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cliillcd. Temperatures below 40° F. are usually fatal to 
I bo germ, nhile too niueb heat is also dangerous. Avoid 
larrin^ or shaking the eggs, and store them in bran in a 
[iliicc where the temperature keeps as nearly as possible 
at 00°F. 

For artificial incubation, do not use eggs more than 
I'dur or five days old. A hen will hatch eggs three weeks 
old ; but an incubator does not invariably give good results 
«i(li eggs more than a few days old. 

'riicre are two types of incubators in general use— 
liol-watcr (liydro) and hot-air incubators. 

'I'lie hot-water incubator has a tank of hot water (heated 
li\ a lain]) on the circulating-boiler jirineiplo), which radiates 
i(s heat downwards into the egg chamber. Ventilation is 
|iio\ idod for by holes in the bottom and sides of the incu- 
hator ; and moisture is jiroduced by a tray of water under- 
ni ath the egg tray, which is usually of jierforatcd zinc. 

Hot-air itieubators have no water tank, and applied 
moisture is seldom used. There arc two varieties of hot- 
• lir in-ubators ; one has a hot-air tank, while the other 
lias no taulc at all, the outside air being heated by a lamp 
as it, [lasses into the incubator, and slowly radiated through 
the egg chamber by means of porous diapihragnisj 

Tiie Structure of the Egg 

The following information on the structure of the egg 
and the diagrams (Figs. 1. to 4) are taken, by pennlssion; 

a 
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from an American v.'ork by Charles A; Cyphers. Fig. 1 
shows in diagrammatic section the various' parts of ii 
fowl’s egg, in which A is the blastoderm, or germ-spot, 
which in a fertile egg has an outer white rim, a circular 
transparent area within, and inside this again an opacity, 
whereas in an unfertile egg no such distinct divisions can be 
seen; b, the white yolk, consisting of a central flask- 



Fi)!. 1. -Section of Fowl’s Egj 


shaped mass and a number of layers conccntricaJiy arranged 
around it, the outer layer of white yolk lying immediately 
beneath the vitelline, or yolk membrane, and comiected 
with the central mass beneath the blastoderm; o, the 
yellow yolk; d, the vitelline or yolk membrane; e, a 
layer of more fluid albumen surrounding the yolk; p, the 
chalaze, two twisted cords of albumen, which keep the 
yolk more steady in the albumen, and moderate the effects 
of shock; o, the air chamber between the two layers of 
4 
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(he sl^ell membrane; h, the shell, consisting of inner and 
niter porous* layers, on the inner side of the former being 
i ihicJrer outer membrane and a thin inner one which 
lend to separate at the broad end of the egg and form a 
^pacc, a, in which air accumulates ; j, denser albumen (the 
■ white ” of the egg), which extends around the yolk out- 
,idc the internal layer of more fluid albumen; K, the 



Fifi- 2,—Section of Egg after 48 hours’ Incubation 


lionndary between the outer and middle portions of the 
allmmen.- 

During the descent of the egg along the oviduct of 
the fowl, where it is exposed to a temperature of ]10“F. 
or more, the germ-spot undergoes changes which are arrested 
when the egg is cold, only to be renewed under the influence 
of the higher temperature of incubation. Owing to the 
lower density of that part of the yolk immediately surround¬ 
ing it, the germ-spot is always found uppermost, provided 
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ibe yolk is free to rotate. The yolk, too, is lighter than 
the albumen in which it is immersed, hut tlie pressure o( 
the germ-spot against the shell is moderated by the weight 
of the chalaze f (Fig. 1). 

The Development of the Embryo 

A fowl’s egg, after about 48 hours' incubation, is shown 
in Fig. 2, the view being from above, and not a vertic.il 
section as in Fig. 1. The gonn-.spot, which at first lii? 
with its margin on the, circular wall of the flask-shajicd 
white yolk (see Fig. 1), spreads out, when incubation 
begins, and forms a thin circidar sheet over the yolL 
ultimately, and at a late jieriod, com])letely cnvelo)iing it 
In Fig. 2, A indicates the area oi^aca, the ])ortion of the 
germ-spot which extends as above de,scribed ; v, the 
vascular part (from which form the ))lood-ve,saels) of the 
area opaca, and H, the area jiellucida ; both i) and n gron. 
but not so fast as a. The emltryo n is in the centre ul 
the area pcllucida, o is the yolk. 

During the first twelve hours of incubation thc-germ- 
s])ot, when viewed from above, is found to increase greatly 
in size. The central white spot, or pellucid area, becomes 
oval in outline and distinct. During the latter ])art of the 
first day is seen the first definite appearance of the head. 
At the beginning of the second day the head alone project,'* 
above the rest of the germ, the remainder of the embryo 

being simply a jiart of a^at germ-spot. At about the 
6 
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wentf-sixth hour the tail makes its appearance, being 
II ised .above the level of the germ-spot in the way that 
lie head was raised. The fii’st rudiment of the head 
pjieai'K about the twenty-seventh hour, and is of a tubular 
liariicter, being formed by a longitudinal fold of the 
Misenlar layer. For some time it is undivided, being 
simply a long tube, extending through nearly the whole 



leii^l.h of the embryo. Although the development has 
iiioei-eiled thus far at about the UiirtN -tiftb hour, no motion 
i - seen in the lieart or vessels until the thirty-eighth or 
foit ieth hour. 

Between the fortieth and fiftieth hours a sejiaration of 
the heart in parts may be observed, and between the 
tiftieth and sixtieth hours the circulation of blood in the 
vascular area becomes more vigorous. The blood-vessels 
become connected during the latter part of the second 
day, so £is to form a complete system through which the 
7 
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blood definitely circulates. By the end of the third day 
the area opaca of the germ-spot is spread over about half 
the yolk; the vascular area is much smaller than the area 
opaca, and still smaller is the area pellueida, in the centre 
of which is the rapidly growing embryo. During the third 
day a remarkable change takes place in the position of the 
embryo. Up to this time it has been lying symmetrically 
upon the yolk with the part which will be its mouth 
directed downwards. (If an egg be placed with its broad 
end to the right of the observer, the head of the embryo 
will in nearly all cases be found pointing away from him. 
Out of 166 examined, Duval found 16.1 in this position.) 
It now turns round so as to lie on its left side. This change 
of position is almost invariably completed on the third 
day. Coincidentally with the change of position the 
whole embryo begins to curve on itself; this curvature 
of the body becomes still more marked on the fourth 
day. 

At the middle or end of the fourth day, the embryo ^ 
is found to have greatly increased its size, and to be lying 
in almost immediate contact with the shell membrane. 
The blood is circulating more actively. 'The tail, first 
noticeable on the third day, has become a conspicuous 
feature of the embryo, which has become, more cun'ed upon 
itself. The distinct appearance of the limbs must be 
reckoned as one of the most important events of the fourth 
day. The allantois fan appendage of the alimentary canal) 
8 
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^ccoiaes conspicuous for the first time on this day, though 
Is rudiments appear on the third; it may be recognised 
Is a pear-shaped reside, connected with the under surface 
)f the alimentary (feeding and nourishing) canal by a long 
lollow stalk. It does not, during the third day, project 
jcyond the body of the chick, but on the fourth it begins 
;o pass out on its way to that space between the external 



Fig. 4.- Section of Egg after 16 daya’ Incubation 


and internal folds of the amnion. In this space it spreads 
but and eventually encloses the whole contents of the egg 
leneath the shell membrane a (Fig. 4). On the first half 
pf the day it is very small, and its growth is not very 
tapid; in the • latter half of the day its growth becomes 
^ore rapid. There are no new features to record on the 
Wth day; the embryo remains excessively curved—so 
much so, indeed, that the head and tail »re nearly in 
contact. The amnion at its complete closure on the fourth 
day very closely' invested the body of the chick; the true 

B 
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cavity of the amnion was then, therefore, very smaH. On 
the fifth day fluid begins to collect in the' cavity, and 
raises the membrane of the amnion to some distance from 
the embryo. The cavity becomes still larger by the sixth 
day, and on the seventh day it is of very considerable 
dimensions, the fluid increasing in it. 

By the sixth or seventh day the flexure of the body 
has become less marked, so that the head does not lie 
BO near to the tail as on the previous days, and at tlie 
same time a more distinct neck makes its appearance. 
Though the head is still disproportionately large, its growth 
now ceases to be greater than that of the body. By the 
seventh day very obvious movements begin to appear iu 
the anmion ; its slow vermicular contractions creep rytli-, 
mically over it. The amnion, iu fact, begins to pulsate 
slowly and rythmically, and by its pulsation the embryo 
is rocked to and fro in the egg. The allantois has grown 
rapidly and now forms a flattened bag, filled with fluid, 
covering the right side of the embryo. The yolk is noil 
so fluid as on the sixth day, though it continues to absorh 
the white of the egg, which is diminishing rapidly. During 
the eighth, ninth, and tenth days the a ' nion does not 
undergo any very important changes. Ossification (the 
changing of the flesh into bone) begins on the eighth oi 
ninth day. On the eighth day a chalky-looking patch is 
observable on the top o^ the nose. This, by the twelfth 
day, will be developed into horny but still soft beak, 
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|ii the thirteenth day nails will be visible at the cxtre- 
iities, and scales on the remaining portions of the toes.* 
iicse on the sixteenth day will become harder and more 
|prny, as does also the beak. By the thirteenth day the 
artilaginous skeleton will be completed, and the varions 
luselcs of the body can now be discerned with tolerable 
learness. 

As early as the ninth or tenth day the sacs containing 
lie feathers begin to protrude from the surface of the back 
s especially prominent at first along the middle 

iiie of the back, from the neck to the rump and over the 
liinlis, the sacs of the tail feathers being very conspicuous. 
)ii the thirteenth day the.se sacs, being generally distri- 
iiiti'd over the body, and acquiring a length of J in. or 
^lore, appear to the naked eye as feathers, the thin walls 
if tlic sacs allowing their contents, now coloured according 
b (ho breed of the bird, to shine through. They are still, 
Dwever, closed sacs, and, indeed, remain such even on 
III' nineteenth day, when many of them are of considerable 

klh. 

Fig. 3 shows the egg after eleven days’ incubation, 
is the cavity of the allantois; B, the albumen; c, the 
ivity of the amnion ; D, the umbilicus, or small hollow 
die connecting the embryo with the amnion, yolk-sac, 
nd allantois. 

By the eleventh day the abdominal walls, though still 
lo.sei and less formed than the walls of the chest, may 

II 
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be said to be definitely established, and the loops of 
intestine, which have hitherto been hanging down, are 
drawn up into the abdomen. The body of the embryo 
is therefore completed, but it still remains connected with 
its various appendages with a narrow umbilicus d (Fig. 3), 
in which run the stock of the allantois and the solid cord 
suspending the yolk-sac. The allantois, still growing' 
rapidly, completely surrounds the whole contents of the 
egg, except at the pole opposite to the embryo, where for 
some little time a small portion of albumen remains 
unenclosed; at this spot the diminished white of the egg 
adheres as a dense viscid plug. 

As early as the sixth day movements may be seen in 
the limbs of the embryo upon opening the egg. They 
cannot, however, be of any great extent until the four¬ 
teenth day, for up to this time the embryo retains the 
position in which it is formed—namely, that with its body 
at right angles to the long axis of the egg. On the four-| 
teenth day a definite change of position takes place; tin, 
chick moves so as to lie lengthwise in the egg, wil^^Jls* 
head opposite the chorion and shell membrane, where they 
form the inner wall of the rapidly increasing air-chambei 
at the broad end. By the eighteenth day the fluid in the 
amniotic sac, in which the embryo lies, has entirely dis¬ 
appeared, and the chick is breathing the air which it 
contains. The pulmontey circulation, which has beep 

gradually developing since the third day, increases iaj 

12 
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[activity, and the circulation of blood in the allantois 
correspondingly diminishes. 

! The fowl’s egg sixteen days incubated is shown by 
Fig. 4. A is the cavity of the allantois. The allantois now 
completely envelops the embryo and yolk-sacs, and the 
teinaining portion of albumen, b. The amnion is losing 
fluid, and very closely envelops the embryo, while the yolk 
1 ) is seen folded over it. The allantois becomes thinner 
jiud thinner as incubation progresses, so that at the last 
its two walls lie in direct contact, the fluid and cavity 
iCiitirely disa])pearing. On the nineteenth day the yolk- 
sac, diminished greatly in bulk, is withdrawn through the 
umbilicus into the abdominal cavity, which it largely 
distends. Outside the embryo there remains nothing now 
))ut the highly vascular allantois and the practically fluid- 
loss amnion. 

By the twentieth day the fluid in the allantois has 
entirely disappeared, and the chick now thrusts its beak 
tliroiifrh its coverings and breathes the outer air. In from 
iri.v to ten hours from the time of first breathing the outer 
air, the chick, breaking the sheD around the broad end 
of the egg with rapid blows of its beak, casts off the dry 
remains of the amnion and allantois, and quits the shell 

Essentials in Artificial Incubation 

Only by close study of the instinctive actions of the 
[sitting hen can the essential conditions of artificial incu¬ 
ts 
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bation be understood and obtained. There is quite c 
number of special points which must be borne in mine 
by both the maker and user of an incubator. 

The hen, in a state of nature, forms her nest on th( 
ground in a secluded spot—frequently under a hedge 
The heat of her body draws moisture from the ground 
and thus renders the air around the eggs more or lesi 
humid. Probably, also, in her daily perambulation ii 
search of food, the breast feathers become wetted with tin 
dew upon the grass, and this also adds moisture to tin 
surfaces of the eggs, which during the lien’s absence have 
become cooled and received an airing. Before settlin' 
down to sitting again, the hen often shufUes the eget 
about with her beak, as if to make her hard bed mou 
comfortable. 

It is but fair to say that there is controversy as U 
the exact means by which the moisture is supplied to egg; 
in course of natural incubation. liens are known to niakij 
nests in old carts, etc., under sheds, and, of course, thousam' 
of wild birds build their nests high up in trees, so thal 
the possibility of moisture being derived from the cartlij 
is out of the question. Many ex))erts believe that thi 
whole of the moisture comes to the eggs from above- 
from the hen’s breast feathers chiefly—and they construcl 
their incubators accordingly. 

From the facte already stated, it is possible to arrive 
•t certain conclusions as to essential conditions to be 
«4 
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provided. The natural heat of a hen’s body, in health, is 
about 98° F.' (blood heat); but when the brooding instinct, 
lightly termed a fever, affects her, the natural heat is 
increased, and is given by different authorities as ranging 
between 100° and 10^° F. 

The heating of the incubator, then, should be arranged 
so that the temperature neither exceeds 106” nor falls 
below 98°. The happy mean is between these points, and 
probably the safest licat at which to work will be 104° F., 
Ibis allowing for a slight increase without much danger 
of fatal results following, provided the excess is not long 
eontinued. Special atlention is here drawn to the fact 
that the genu will stand a prolonged loivering of temperature 
much better than an increase. If the increase of heat is 
severe or long extended, it will generally prove fatal; a 
(leereuse of heat, under like conditions, tends but to delay 
somewhat the time of hatching. In whatever position the 
egg may be lying, this life germ always floats at the top, 
win re it receives the greatest amount of heat. It is, 
therefore, of the highest importance that perfect accuracy 
of temperature be secured and maintained; and to this 
end a reliable thermometer is a prime necessity. It should 
be specially made for incubator work, with the scale 
engraved indelibly on the stem. It must be fixed m the 
incubator, so that the upper surface of the bulb is level 
with, or but slightly below, the tops of the eggs. A little 
time spent in arranging this to a nicety will not be wasted, 
»S 
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Ventilation and moisture will be considered together, 
as the one depends somewhat upon the other. The shell 
of an egg is porous, and the natural inference is that it 
is so for the admission of air to the growing chick; but, 
as the lungs are not developed until a somewhat advanced 
stage of incubation, a large supply cannot be required 
during the previous period. Presumably, also, it is porous 
for the admission of a certain amount of moisture. In 
this connection it may be noted that barometrical changes 
are probably a much more important factor in success or 
failure than is generally imagined. It certainly stands to 
reason that, with a low barometer, when the atmosphere 
is charged with abundant moisture, there is not much 
danger of the supply inside the incubator being insufficient, 
and probably an excessive supply may be harmful to the 
well-being of the embryo chick. On the other hand, when 
the barometer ranges high, and the air is dry, it is well- 
nigh impossible to overdo the artificial supply of moisture. 

The heat supply should be arranged so that as litth 
work as possible is thrown upon the regulator; the chic! 
purpose of an incubator regulator is to compensate for 
the variable temperature of the atmosphere, and all rough 
adjustments should be made by regulating the size of the 
lamp flame. Care should be taken that the necessary 
moisture is maintamed; that the eggs receive daily s 
cooling and an airing, such as they would get under natv&l 

conditions; and that th^ are turned so as to prevent 
:6 
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:!ie genn, which always floats at the top of the egg, from 
jecoming fixed, thereby hindering or entirely arresting 
ievelopment. The egg is to be turned at least once a day, 
10 that the germ occupies a different position in the shell. 
>liifting the eggs also tends to compensate for any slight 
piequalities of temperature which may exist in different 
fiarts of the egg chamber, by ensuring that each egg shall 
in turn occupy each and every part. A daily exposure of 
the eggs to the atmosphere (but out of a draught) for a 


period of from ten minutes in cold weather to twenty 
minutes in the warmest weather will suffice for airing. 

An incubator should be worked in a room where it 
will not be subjected to draughts or to sudden or great 


changes of temperature. Do not allow loud noises in its 


neighbourhood; do not handle the eggs roughly or 
frequently; and do not open the incubator more than 
jis absolutely necessary, especially near hatching time. 
Keep the lamp well supplied with good oil, and trim the 
■wick at least every twenty-four hours; and an hour after 
relighting make any necessary adjustment of flame. 

An important matter is the selection of the eggs to be 
used in an incubator. It often happens with some breeds 
or strains of birds, in consequence of the natural tendency 
to “ throw back ” in the progeny, or to revert to an 
uferior type if totally fresh blood is introduced, that 
continued close and in-breeding is resorted to; as a con¬ 
sequence, the germs are weakened, and though under hens 
‘7 
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• I 

the eggs may develop into livmg birds, in incubators thej 
may prove failures. But the crossing of specimens of twt 
distinct breeds, whilst it fliay cause a reversion to ai 
inferior type for exhibition purposes only, will wonderfullj 
increase the vitality of the germ and resultant chick. 

The eggs most suitable for artificial incubation, there¬ 
fore, are those from first crosses—^where the parents or. 
either side are pure bred; but when a fair measure ol 
success is attained with these, attempts may be made with 
eggs from highly-bred pure breeds with greater chanctr 
of success. To procure from shops “ new-laid ” eggs ol 
doubtful freshness, and in ignorance of the conditions 
under which they were produced, is but to court failure, 
and stiU more so is it to fill uj) the incubator with foreign 

eggs- 

The eggs should be the produce of hens, and twt oj 
pullets, mated, by preference, with a vigorous cockerel; 
they should be of uniform size, all abnormally large or 
small ones, and those of irregular shape, being rejected 

The necessary periods for the incubation of eggs, 6o/l 
with the tuUural and arlipdid methods, are as follows:— 
Hen, twenty-one days; pheasant and partridge, twenty- 
four days; duck and turkey, twenty-eight days; goose, 
thirty days. Some varieties of ducks—those approaching 
more nearly the wild state—also take thirty days, 



CHAPTER II 

An Approved Pattern of Hydro Incubator 

Tins chapter will describe and illustrate the construction 
(if a type of hydro or hot-water incubator, which has 
served as a model for manufacturers all the world over, 
and which has remained of substantially the same design 



.t'S- 5.—Front Elevation of 50-Ejg Hydro Incubator 

tor between twenty and thirty years. It is based on a well- 
Inown Hearson type—the “ Champion ”—and it may be 
noted that Charles Edward Hearson’s incubator, of which 
the provisional specification was lodged in the British 
Patent Office on November 24th, 1881, and tha complete 
»9 
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specification on May 23r(l, 1882, quickly came into Mgli 
repute, chiefly because the inventor happened' to hit upon 
what was at that time the only reliable regulator for main- 

in 

taining, uniform heat in the egg chamber. His capsule 
regulator is still the most popular type on the market. 

A 60-egg Hearson-type incubator, with drying box, is 
shown by Figs. 6 to 10, under each figure being an explana- 



Pij. 6.—Bod Elevation of SO-Eg^ Hydro Incubator 

tory inscription. The outer case is made of |-in. yellow 
pine, in the form of a square box 20 in. long, 20 in. wide, 
and 17| in. from the top of the base-board to the under¬ 
side of the top, dovetailed at the corners. Both base and 
top are also of pine, with the edges rounded, the base 
neing in one piece. The top—apart from the glazed lid 
at the front—is in narrow widths, secured by round-headed 
brass screws, with washers *ndcr their heads. The onenies 
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or the drawer, 16J in. long and 6 in. high, is cut in the 
rout of the'case, 1 in. above the top of the base-board. 
;)n a level with the bottom of this opening is fixed the 
uner floor, on which the drawer slides. As shown, there 
s a J-in. space between the inner bottom and the base for 
roiitilation purposes, the air passing in through four holes 



Fig. 7.—Part Plan of Lid and Part Horizontal Seetioo 
through Egg Chamber 

bored in the corners of the base, and finding its wa 7 into 
tho egg chamber through a central hole in the inner bottom. 

The water tank is 17 in. square and 4 in. deep, and is 
made of copper; it is traversed by a flue If in. in diameter 
ivd 13 in. long from the outside of the water jacket, which 
extends to the outside of the case. ' The return flue is | in. 
from the other, and the two are arranged to occupy a 
central position, widthways, in the tank. Where they pass 
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through the woodwork of the case and the packing, the 
flues are encased in a water jacket in, wide, 2| in. deep, 
and IJ in. long, the upper corners of which are quadrant 


There is a false bottom, which may be of perforated 
zinc, arranged about | in. from the bottom of the tank. 



Fi^. 8.—Vertical Cross Sectioo through Centre of 
Incubator, with Drawer partly drawn 


Between the top of the tank and the underside of the 
lid there is a space of 4| in., and, in. from the inside o! 
the front of the case, this space is partitioned off by a 
|-in. board running right across the case, and this forms 
a drying box for the newly hatched chickens. As seen in 
Fig. 8, a floor, f in. thick and 7| in. wide, is fixed, distant 
in. from the underside of the lid; this allows a space 
of about I in. between the lower side of the floor and the 
top of the tank; to the e^ge of this floor a J-in. upright, 
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I ill. wide, is fixed, and along the upper bank edge of this 
liiight piece’a strip of coarsely perforated zinc is tacked. 

In Fig. 5 three tiers of ventilation holes are shown, each 
ill! being furnished with a J-in. brass eyelet; those in 
0 lower row serve as outlet ventilators for the egg 
amber—the inlets being through the base, as previously 



Fig. 9.—Longitudinal Section through Centre of 
Incubator 


entioned. A similar row of holes is provided at the back 
the rase, although they are not shown in Fig. 8. The 
idille TOW of holes serves as inlets for fresh air, which is 
armed as it passes over the tank, and passed between 
le partition and the 2|-in. upright piece, through the 
■tforated zinc, into the drying box, finally escaping, laden 
ith the moisture from the drying chicks, through the 
jper row of holes. The glazed lid, forming the front 
•rtion of the top, by which the chickens are introduced 
as 
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and removed, fits over the drying box, and is not fixed, bul 
is kept in position by small fillets tacked to the underside] 
The opening which takes the egg drawer is 16J in. 
wide, 17J in. from the front of the case to the partition 
supporting the tank, and 7j in. high from the surface of 
the inner floor to the bottom of the tank. The egg drawer is 



P!^ 10.—Part Sectional Plan of Incubator 
through Tank 

an easy fit in the 16J-in. by 6-jn. hcde cut in the front ol 
the case, and is 17| in. long from inside the false front, 
which, as will be seen, overlaps the drawer opening about 
f in. all round. The inside measurement of the drawer 
is 14| in. square. The wood frame, which is covered with 
perforated zinc, and forms the bottom upon which the 
eggs rest during incubation, allows a space of IJ in. 
the sides of the drawer, sand the concavity of.^^^if zinc 
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lottom allows the eggs in the centre of the drawer to be 
in. lower than those at the extreme sides. 

For noting the temperature of the egg drawer, a hole 
I bored through (he drawer front; outside it is bushed 
ifh a brass eyelet, and inside it is fitted with a paste- 
oard tube of about | in. internal diameter, which projects 
J in. inside the drawer. The centre of this hole ie J in. 
elow the drawer top, and, when in use, the thermometer 
nib projects slightly beyond the inner end of the paste- 
oard tube, and is thus in the correct position for recording 
iie heat reaching the whole of the eggs, the concavity of 
le bottom of the egg drawer compensating for differences 
f temperature which exist between the centre and the 
ntsides of the egg chamber. The zinc water tray beneath 
lie <‘gg drawer is 12J in. square, with sides 1 in. high and 
bob' 4 in. diameter in the centre. The inner inverted 
tav of coarsely perforated zinc which supports the damping 
invas is 11 in. square and 1 in. high. Over this zinc 
apport a double thickness of coarse canvas is used, and 
pps all round in the water coiitaincd in the tray, so all 
ir jia.ssing into the incubator is filtered through the wet 
snivas and moistened in its passage. A single thickness 
f the dry canvas is usc.d under the eggs in the egg 
rawer. 

The heat-regulating apparatus, which includes a capsule, 
fully described in Chapter VI. The bottom of the tripod, 
pon which (he capsule rests, is SJ in. from the bottom 
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of the tank, and the needle tube which supports the tripod' 
is arranged in the centre of the egg drawer. 

The heating arrangements consist of a lamp box, 13 in, 
high, 8 in. wide, with a projection of 5 in. of which J in. 
consists of an air space between the lamp box proper and 
the side of the case. The upper portion of the lamp box, 
to a depth of OJ in., contains in the front portion a H-shaped 
inlet flue, and in the back portion a Jl-shaped outlet flue, 
both If in. in diameter. The flues in the lamp box are 
embedded in some non-conducting composition to connect 
them with the flue traversing the tank, a couple of nipples 
or connectors are employed, 2J in. long, and of such diameter 
that they are a good fit in the flues, a reeded band being 
raised about the centre of each connector to prevent it 
being pushed wholly into one portion of the flue. Both 
inlet and outlet flues extend 1 in. above the lamp-boxj 
casing; and, to protect the woodwork of the incubator J 
the back of the lamp box is extended upward 2J in. t| 
form a shield, and the upper end is bent outwards to tlif 
extent of 1 in. 

The lamp which supplies the heat is a rectanguhir 
vessel made of tinplate, 8 in. long, 4 in. wide, and 2 in. 
deep, mounted on and hinged to the back of a U-shapec 
casing of similar dimensions, but 3 in. deep. Beneath 
the lamp at the front end, and fixed to the bottom of 
the casing, is a spiral spring; in order to keep the sgring 

m check, a square wire loop is hinged to the camg' and^ 
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)asses over a. catch soldered to the lamp reservoir. The 
nirner is of the flat-wick type, but of somewhat special 
■onstruction, obtainable from dealers in incubator fittings; 
It takes a |-in. wick, and is fitted with a gallery to accom- 
nodate a glass cylinder chimney, about 3 in. long and 
il in. diameter, which serves as a connection between 
the lamp burner and the inlet flue in the lamp box. To 
place the lamp in position, the spring is depressed so as 
ito allow the glass cylinder to pass into the opening in the 
front of the lamp box, on the bottom of which the lamp 
slides. When the lamp is pushed quite home the spring 
is released, and the glass cylinder then beds itself against 
the bottom of the upper portion of the lamp box so that 
the burner is iimnediately below the opening of the inlet 
flue, whilst the spring exerts its influence to keep the glass 
tightly in place. When the lamp requires to be trimme/l 
or replenished with oil, it may be easily withdrawn by 
first depressing the spring. 

Kor packing between the egg chamber and the case, 
and rih .0 round the tank, ordinary sawdust is employed, as 
indicated in the illustrations, and as these are strictly to 
scale, all minor measurements may be taken from them. 

Modifications and Suggested Improvements 

In a modified form of the incubator above described, 
in the first place, the drying box is done away with— 
aot because it is of no use, but because a foster-mother, 
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described in Chapter IX., serves not only as a drying box, 
but also as a nursery in which to keep the chickens for 
the first few days of their existence before they ate strong 
enough to be turned out into a rearer. There being no 
drying box, the height of the incubator between base and 
lid is reduced from 17| in. to 15 in. in this machine, still 



Fig. n.—Longitudinal Section through Modified Hydro Incubator 

allowhig for 2 in. of cork-dust packing above the tank. 
Fig. 11 is a longitudinal section through the modified 
machine (the reference letters are explained in Chapter VI.) 

The principal alteration and improvement will be found 
in the tank. This is 17 in. square, but in. deep, and 
is traversed by a flue, 2^ in. diameter, which is “ baffled ” 

at intervals throughout its length (see Fig.l2). In this 
a8 
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iicubator as large a flue surface as possible is exposed, 
Hid the return flue, instead of being passed out at the 
lido and into the lamp box, is turned upward near the 

end of the tank and passed 
out through the lid. The 
lamp box is constructed on 
similar lines to that shown 
by Fig. 13, and is in. 
square on plan and 4 in. 
high, and contains, quite 
centrally, a l£-in. "j-piecc 
or inlet flue, packed tightly 
in silicate cotton. The 
amp is a rectangular vessel 7 in. long, 4 in. wide, 
iml 3 in. deep, upon which is mounted a “ Silver ” 
himneyless burner taking a |-in. wick. 



Fig. 12 . Portion of Heating 
FIue» (tbowing Haffie 


In this connection it 
may be worth mention- 
itiv that the collars into 
"liich the “Silver” 
biiriiers screw are the 
Bailie size for both the 
s-Jii. and |-in. sizes. In 
jiiny lamp more perfect 
'Combustion is obtained 
when the flame is turned 
jiip as high 08 possible 



Fig. 13.—View of l,«inp Bo* 
cut away to thow Flue 


*9 



INCUBATORS AND CHICKEN REARERS 


without smoking. It is advisable to procure a burner | 
of each size for this incubator, because a burner taking 
a f-in. wick is not powerful enough to keep up the 
requisite heat in cold weather; yet in hot weather it is 
almost impossible to keep a small enough flame in a 1 
f-in. burner, without a waste of heat; and when the 
flame is turned very low, a slight smell of unburnt 
petroleum vapour is perceptible, which, if not injurious, 
is at any rate unpleasant. (As a matter of fact, with, 
incomplete combustion carbon monoxide instead of the 
dioxide is formed, and this is distinctly injurious.) 
This arrangement of lamp and flues will be found very 
economical. 

Details of the regulator, ventilation, and damping 
arrangements, also of the egg drawer, arc the same as 
already described, with the exception that, as the flue 
passes round the outer part of the tank instead of being 
in its centre, the heat from the tank is less central, con-' 
sequently the egg drawer may be less concave. A nearly 
flat bottom to the egg drawer is desirable, but, if it is quite 
Sat, the central eggs will get more heat than those nearer 
the outside. In the present instance, a dishing to the 
extent of I in. will suffice. The loose shutter will be found 
a great convenience, especially at hatching time, as it is 
possible to ascertain the state of the eggs without pulling 
out the drawer, with the consequent lowering of tempera¬ 
ture. Also, should a chicS get hung up in the regulator 
30 
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.jpod—a not uncommon occurrence—it can be moved 
revious to pulling out the drawer, thus avoiding maiming 
,, or the breaking of one or more eggs—a likely consequence 
hen the cause of any obstruction cannot be seen, as is 
lie case with a solid-fronted drawer. 



CHAPTER III 

An Easily Made 100-Egg Incubator 

Fig. 14 shows an easily made 100-egg hydro incubator (with 
the front out) much as it should appear when ready for 
use. A is the tank; b is the regulating screw with damperj 
rod and bracket; c is the drying box; d the hot-air tube; 
B the capsule and its stand; f the drawer front; o the 
moisture tray; h the circulator; j the lamp and tray; 
and K is the silicate of cotton packing. 

No incubator will be found satisfactory unless it is con¬ 
structed with an inner and outer case, since the atmosphere 
coming directly on to the eggs from the ventilation holes 
is injurious, as the eggs round the edge of the drawei; 
frame will be found to be at least 4° F. cooler than those 
nearer the centre. For a 100-egg incubator, the outer 
case should be made of J-in. seasoned pine 22 in. square 
inside, the height, including top and bottom, being 18J in. 
The hole in front for the double-fronted drawer should 
measure 18 in. by 8 in., and the drawer front must be 
the full width of the machine, viz., 23J in; by in., so 
that when closed the whole space in the outer case is 
coveted. This drawer front having no stay may warp 
slightly, and to prevent tlfis, insert in each end a piece 
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pine the opposite way to the grain of the drawer front, 
d 9J in. by 1| in. by J in. To insert this piece, two 
(s with a tenon saw J in. apart and IJ in. deep must be 
ide in each end of the drawer; then pass down a J-in. 
iner chisel, which will remove the piece. 

The most durable method of putting the case together 
dovetailing. The dovetails must fit tightly, and be put 
Tpthcr with thin glue, or they will be useless. The top and 
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bottom must be screwed on, tbe screws being about 3 iij 
apart. 

Ventilation holes in the outer case should be bon 
4 in. apart, 2J in. from the bottom of the tank, and J i 
in size. A fillet of wood, | in. thick, should be nailed i 
■•^ch side on the bottom. The inner c.ase should be 18 ii 
square, and 8 in. high, and should be screwed or naili' 
to the fillets fixed in the floor of the machine. Befo! 
fixing the inner case, set out the ventilation holes to con 



OUTCfl FRONT 


Fig. 15.—Section through Drawer 
Frame and Air Chamber 


between the holes in the outer case; this is easily don 
by placing the inner case in position, and passing a pent 
through the holes already drilled to mark the inner cai 
Then drill the holes exactly midway between the mark 
and thus the necessary amount of ventilation is obtainii 
and draught is avoided. 

The drawer front for the inner case, 18 in. long an 
6 in. wide, must fit flush with (ho inner case. This is simpl 
a square wooden frame, and the^bottom of the outer cas| 
forms the bottom of the inner ona also. A fillet, IJ in. bj 
I in., must be fastened on each side of the inner case d 
the bottom, and on it racs the egg drawer. Another fillc 
34 
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lid be fixed 2 in. above it on each side, so that the 
drawer, which must be 2 in. deep (barely), will slide 
nd out easily. 

b'he egg drawer is 18 in. wide by 17J in. (barely) from 
k to front, thus allowing J in., so that the inner drawer 
Is flush. The inner drawer front will be 18 im wide 



fl in. deep, and it is screwed to the drawer frame. 

i.'locks of wood 6 in. long, 2| in. wide, and I in. 
Iv are jilaced between the inner and outer front, a 4-in. 
w pa,ssed right through each block from the inside 
phe inner front and gripping the outer front to the 
iwor frame ; see Fig. 15. 

Ihe egg drawer frame should be dovetailed at the 
fuers, and a 1-in. equilateral triangle of wood aliould 
glued and tacked in each corner. The bottom of the 
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lint must the air-tube go inside tlie top of the tank, 
it, must be soldered in the surface over a small hole 
in the highest part in the centre. A sheet-brass 
(I (Fig. 17) must be soldered on to the bottom of the 
to liold the eajisule. It should be J in. wide and 
,ilv J in. thick, a disk of tin being placed as shown to 
1 a table for the capsule. A hole should be drilled 
he centre of the disk, through the frame, for the pin 
the capsule, and between the capsule and the disk 


hirculntor Stand 

nld bo put a piece of siout asbestos or cloth, as the 
I conducted from the tank by the frame would cause 
cajisnle to expand before the required temperature, 
icly 104° F., was attained. 

The circulator (h, Fig. 14) and the T-piece are made 
slH ct copjier; the bottom is dished as in Fig. 18, and 
p ill, hole is left at the top to take the T-piece. The 
f is either dome-shaped or coned, to allow the air to 
Inmulate, the tap being occasionally opened when the 
chine is started to allow any air or water to escape, 
iwhen the water is heated it expands. A filling screw 
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is soldered in the top of the circulator, and the tan^k 
filled through it. The T-piece (Fig. 19) is 6 in. iW 
with a 6-in. projection, the hot-air flue being neat J I 
top. A 2J-in. hole is cut in the side of the circulatory 
the top of the T-piece is threaded througlf it. 'Ij 
end of the T-piece is now soldered to the projecting t* 
of the hot-air flue in the tank, and the top and bottol 
of the T-piece are fixed in the top and bottom of til 



Fi^. 20.—Pattern for Bottom Fij. 21.—Cone-top Circuletol 

of Circulator 


circulator, and the piece of pipe, 4 in. long by 2J in. il 
diameter, is soldered over the 2|-in. hole in the side of' 
the circulator. 

A cone-top circulator is made of 6-lb. copper. The 
jacket is made of a piece of sheet copper 5 in. by 17 m 
in (ifie flat; this is bent into a circle and the two edgn 
well lapped and soldered. Prior to bending it, cut|i 
2-in. hole 3 in. from the top edge; this hole is to pass tl* 
long end of the T-piece through. Now cut a disk of coppa 
7 in. in diameter with a 2J-in. hole in the centre; tiii 
disk must be dished. To obtain this shape it is necessai| 
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I cut out a wedge piece 2 in. wide from the edge to the 
litre (see Fig. 20). The two edges are now drawn 
mother, lapped, and soldered; the bottom is then ready 
I be soldered to the jacket, and the bottom of the T-piece 
Idered into the hole in the bottom. The top of the 
iculator is made in a similar manner, and of the same 



llTiii'Tisions. The air-tap is soldered in the top of the 
iircu’.autr close to the centre, and should be left open 
ibeii the tank is being filled, so as to prevent the water 
etting air-locked, which would prevent the water cir- 
uliiting. The centre hole will be 2 in. when the didc 
i drawn together. Fig. 21 shows the circulator. 

The hot-air flue is carried from the circulator across 
»c front of the tank, then along the side, and returns 
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across the back of the machine through the side , of tb 
tank, packing, and outer case, and projects, say, I in|. 
or it may be turned up with an eltmw and cap, as shovu 

in Fig. 22. The flue can be made of 5-lb. sheet coppei, 

* 

Fig. 22 showing where the mitred joints occur. These 
mitred pipes must be well soldered together, and shoulj* 
be tested with boiling water before the flues are fixed is: 
the tank to ensure the joints being sound; a leak wil 
often show with boiling water but not with cold water, 
owing to the metal expanding when subjected to he 
Four strips of wood, 2J in. wide and J in. thick, should M 
placed on the top of the inner case, so that they reacl 
the outer case. On them rests the packing round the 
edges of the tank. The tank is now placed on top.oi 
these pieces so that there is a 2-in. space all round the 
tank, and this sjraee is filled tightly with silicate of cotton 
or powdered cork or sawdust, silicate of cotton being 
preferred. The top of the tank should also be covered 
with the same packing. The circulator is now soldered 
to the piece of projecting pipe, which is 4 in. by 2J in. 
The 2-in. hot-air flue is also connected to the T-.piece,iD 
the circulator, as in Fig. 23. 

The regulator rod with the cap on the end is sufiTbiently 
long for the cap to hang over the top of the T-piece in 
the middle of the circulator, so that when the cap is down, 
it alters the course of the heat, and passes it through the 
air tubes. A J-in. straight wire, sufficiently long to tead^ 
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to a screw in tbe regulating rod, is placed on the eapsnle, 

t iiP screw being about | in. from the hinge of the rod and 
ollowed at the end by a centre punch or small drill. The 
wire from the capsule is filed to a point to prevent the 
screw slipping ofi it, as shown in Fig. 24. 

The lamp is of tin-plate, with a |-in. Queen Anne burner 
fi.\cd about 1 in. from the end. It should be 20 in. long, 
4 in. wide, and \\ in. deep, and its top is cut and lapped 
Bt the corners the same as the tank, and then soldered 



on a piece of flat tin 201 in. long and 41 in. wide, thus 
allowing 1 in. all round the lamp bottom for soldering. 
I’o show the quantity of oil in the lamp, a float is con* 
itrncted of round cork 11 in. by 1 in. thick. A thin wire 


je )>assed through the centre and is fixed in the cork by a 
bieco of thin tin beuig soldered at the top and bottom 
B the cork. Place this in the lamp before putting the 
loltom on, and pass the wire through a small hole made 
R the top of the lamp about in the middle; this wire 
mst work in a guide soldered on the lamp to prevent it 
Jpting when rising. A gauge is soldered close to this 
pro to show the height to which the w’iie rises when the 
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lamp is full, and as the oil bums the wire will fall. 
best guide is a piece of tube 1 in. long and | in. in diameta 
A small piece of metal is soldered on top of this tube wi^ 
a central hole, through which the wire passes easily. Ii 
fixing this float, get it upright, with the small holes in tin 
lamp and pipe directly in line. The lamp is fixed ^ 
the side of the machine by means of a tin tray in. wid 



and 20J in. long, turned up J in. at one end and 1^^, 
sides. It is soldered to two pieces of iron 7 in. long, in. 
wide, and J in. thick, and the ends of these stays sUrfi,, 
two square staples which are screwed on the bottd 
the machine, so that it is easily removed (see 
The chimney may be constracted of thin tin-plate wr 
a piece of mica or talc let in its side. When in its ® 
the top of the chimney is about J in. from the b^ll 
of the centre of the circulator. Into this space a 
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phes, and geta heated, causing a very q^uick i»aght 
rough the hot air flues in the tank. A Queen Anne 
irner and collar can be obtained from any ironmonger’s 
i a cost of about 8d., and a reliable capsule can be obtained 
iom the dealers. The thermometer should be 12 in. long, 
id the section of it shows thus ^ which causes the 
(Tcury to appear nearly J in. wide. 

■ The moisture tray is made of stout sheet zinc, say 
0 . 11, and is 17 in. square, 1 in. deep, turned up 1 in. 
1 round. This tray is half filled with equal quantities 
bulk of sand and broken charcoal, saturated with water, 
id of course placed under the egg drawer on the bottom 
the machine. This should be examined once a week, 


d kept moist. 

When the thermometer registers 102® F., the regulating 
fccw in the damper rod should be screwed down so that 
|e cap in the middle of the circulator is raised f in. 

is possible to bend copper pipe by first softening ft, 
ing it blood-red hot, and plunging it into water. It 
Las to be filled with lead and hammered on a mandrel 
he requited shape. This is a long process, and requires 
irience, as the lead then has to be again melted out 
It is mitred with far less time and trouble, and 
'result is quite satisfactory. Bending the pipe to 
required angle may slit it, and hammering it makes 
copper very hard. 


43 



CHAPTER IV 

Making a 60-Egg Coil-heated Incubator 

Thu incubator illustrated in Figs. 26 and 27 is of a Idi 
usual type than those described in earlier chapters. 



a piece of d by a circulatory system of hot-water pip« 
the top of than a boiler fixed outside the incubator wallj 

of the centre oi tiiat by this aiiangatneht a B^atjii.egM 
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aperatuM is jaiirita&Ad over t&e; -whole oi 
m by eitbet the tank ot the hut-ajr system, hut, 
many related matters, this is a moot point. However^ 
markable results have been achieved by inoubato^ 
lilt on this principle. Their advocate claim that wherehs 



|BUi ordinary tank machine the centre is always the 
Rest part, and those annoying cold corners and sides 
I well known, in the coil-heated incubator the pipes 
:c arranged round the sides in such a manner that the 
(litre of the egg drawer is heated by side radiation only, 
liis arrangement tends to secure greater equality cif 
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Cteod, dry yellow pine is the best material for 
woodwork. First make the drawer 1 ft. 3i in. squa»i 
inside of i-in. stuff 2i in. wide. Make it exactly squilJ 
outside, so that it may be taken right out and tvun|r.| 
round side to front each time of turning the eggs, altjl 
so that any slight variations of temperature may h^' 
no ill-effect. At a distance of IJ in. from the top, gadi 



Fig. 28.-Egg Uspfer 
Frame' 


Fig. 29.—Part Cross Seoty 
of Coil-heated Incubat' 


a line,ajii^tohjw it fix corner brackets 3 in. by 3 in. by 
i in., ledges i in. by J in. aU along between them 
as shown in Fig. 28. Then nail a piece of perfor<i?ai 
sheet zinc,in top of these for the drawer bottom. 

frame up the inside walls, wliich are i in. thick 
and lOJ in. wide, for one side and the back, the right 
hand side being made If in. narrower, so that the coj 
*can be put in place later, a piece 1| in. wide being us^. 
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|e working fit for the drawer, and extend the sides 1 in. 
the froat longer than the drawer, to allow for the door 
ckness. Nail a bar 1 ft. 4^ in. by 4 in. by J in. across 
ween the sides at the front level with the top edge, 
I a strip of equal length 2^ inj by J in. at right angles 
in the first, as shown in Fig. 29. These serve to hold 
packing over the doorway. Seven and a half inches 
vn from the top, nail strips of about J in. by 1 in. section 



30.—Outer Bottom 



)ii both sides to carry the egg drawer which runs on them, 
Hid nail twq pieces above the drawer. Make the outei 
jottom of |-in. thick material and 1 ft. 11| in. wide by 
I ft. 102 ill' deep from front to back. Cut away^ If-in, 
ay I in. strips from both sides of each comer to take th« 
egs, as shown in Fig. 30. 

To the bottom, nail ledges 1 in. by I in. thick all round 

1 8 in. from the ledges, except at the front, where it comes 
Mi iU' of the edge. On these will rest the inner bottoir 
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lb form the air space for ventilation. The inner botton 


neasures I ft. 64 in. by 1 ft. 4 J in., and is 
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lly tested and secured in place; Screw the front in 
)lace. 

S'ow make the inside top 1 ft. 41 in. square by | in., 
fix three ledges, If in. by | in., to project J in. each 
, and in the positions shown in Figs. 27 and 29. When 



Fig. 32.—Laying out Copper Sheet for Boiler, 1‘ipes, etc. 

ill ilfs place, inside the inner walls, the inside top 
on thc.sc ledges at the sides and ends. 

I ill' water tray 11 in. square by Ij in. deep, the 
ti'.il \enlilatioii space being 6 in. by 2 in., place in 
ition, and nail strips of J in. stuff all round except the 
ifl, as shown in Fig. 27; 

I’rociue a piece of 8-lb. sheet copper 2 ft. 3 in. by 
., which wiU be sufficient to make the coil pipes and 
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boiler complete, and cut up as shown in Fig. 32. ' 
copper sheets are made 4 ft. by 2 ft. of various weig 
This particular gauge will therefore nm 1 lb. to the squ 
foot, and should be bought for about Is. ])er pound. Ifo 
pipe {see Fig. 32) is made from a copper strip 1 ft. 8i 
by 4 in. In Fig. 33 all the pipes will be found numbn 
off, and the pieces marked out in Fig. 32 correspond «i 
these numbers. Some of these pieces are long enougli 
make two pipes, in which case a saving of material 
effected by cutting the resulting pipe in two on the mi 
which these lengths are calculaterl for. Bend the |j 
plates one at a time round a broom handle or other sinii 
rounded stick, tapping them into shape with a mal 
Clean the two adjacent edges, tic a piece of string rot] 
each end to hold the bent ]dates to in. diameter, it 
run the soldering fluid ivell into the joints, which shea 
now have about J-in. lap, and solder up, makini.' 
thorough job of them, as, of course, they must be (juil 
watertight; 

Cut them on the mitre with a fine saw to the leiigtl 
and positions of angles shown in Fig. 33. File the ew 
(mtil they will fit their respective partners to form corre 
right angles, clean up all round the joints inside and oulsid 
and well solder as before described. As each comer, 
finished, test it with hot water in the angle, filling i 
pipes as full as possible, and rectifying any leakage be| 
proceeding farther. 


so 
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Put them together as finished on a level board (a 
)d one is the inside cover, on vliich the coil may be 
out), so that the finished coil shall be on one plane. 
(, a J-in. hole for the filling pipe at mid-length in pipe 
. 2 before bending it, and drill a J-in. hole for the an 
10 in pijie No. 6. When all the pipes arc assembled and 
dored up, stop one end with a suitable copper cap, 



I' jg. 33.—Circulating Coil 


dor the air and filling tubes iii place (which are each 
in. long), plug them with wood, and fill the coil with 
(ci- .it the oiien end. If any leak shows, resolder and 
it . "ain until correct, 'rhen solder a cap on the other 
J of the roil, and bore two ([-in. holes in the under side 
I he coil as near as practicable to the ends. In these 
t“s the flow'-aud-return pipes from the boiler will after- 
rds be fixed. 

.tut a number of small pieces of copper J in. by J in. 
|lorm strengthening gussets, and solder them across 
S' 











-'Hori/.ontal Section through CoU-heat£d Incubator 


ShIio coil angles as shown in Fig. 34-. Give the ei:iJ 
|5ii, more espccinlly tlic under surfii.co»s, a good coal i 
lampblack mixed with methylated sj.>irit and just sufficici 
shellac to hold it together. Or mix turpentine and 
little gold-size or oalc varni.sh with the, lampblack, 
any case, it .should dry a dead black, as this materia|| 
assists the radiation of heat from the coil surfaces; 

Lift oil the inside top board, if the coil has not 
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t on it, and screw the coil in its place, allowing |-in. 
gin all round between the edges of the board and the 
PH. Replace the board, and mark the position of the 
s to be cut in the inner and outer walls on the right- 
(1 side for the coil pijies to pass through. The bottom 
>, of the coil should now stand in. from the drawer 
edge, as shown in Fig. 27. Cut them out to fit, and 
frame is ready for the boiler. 



Meanwhile glue-joint the J-in. boards for the outer 
or, which is of equal area with the outer bottom. Plane 
ip, and bore the holes h)t the air and filling pipes of the 
1 to pass 'through. Fit in place, and screw down 
h l.t-in. bottom or round-headed screws. Procure a 
iight incubator thermometer about- 7 in. long, bore a 
( through the left-hand side of the incubator on the 
s' of the drawer top {see th. Figs. 27 and 29), which 
i be about the egg level, sufficiently large to allow a 
I to be fixed across the two walls. It should be an 
fit for the thermometer, and also prevent the sawdust 
;ing from choking the hole, 
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Bore two |-m. holes in each of the four sides : 
through the double walls for ventilation. They .sho 
be about IJ in. down from the bottom of the coil to 
centres. Get a J-in. round stick or tube 1 ft. long, j 
roll some glued ])aper round it to form a couple of pa; 
tubes to fit the ventilation holes. Wlion dried hat] 
these will cut up into eight ventilation tubes, which shoii] 
be glued across from wall to wall in the holes hoij 
previously to receive them (see v. Fig. 27). Procure! 
q[uantity of coarse dry sawdust, raise the outside iJ 
and tightly pack all the packing space, with the dust. 

The capsule regulator now requires attention. ’ 
whole thing may be bought complete for a few shillii 
and this is really the best thing to do. But for those v 
wish to make their own, full instructions are given 
Cha)iter VT. Tn this machine the needle tube of I 
regulator from which the, cajisule bracket is suspciiA 
should be sufliciently long to hang J in. below the foi 
and should be screwed or soldered securely to the braoki 
plate on.^op; there being no tank to secure it to, ill 
SUM^,,^' necessary. Its bottom end is screw'ed in 1 
iSP^psule bracket thread. Bore the necessary holes 
receive the regulator at about the position shown in Fig. 
and fix it in place. 

Plane up four legs 2 in. square and 1 ft. 7 in. long, J 
from a point 7 in. down from the top, taper them to Ijl 
square. Gauge off §-in. thickness on two edges at a 
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jend, and cut away between them for 6 in. down (««« 
j 36), so that they may fit the incubator corners, and 
\v them securely in place at the four comers. 

I’ho next part is the boiler. This type of horizontal 
sr has been specially designed for this incubator. It 
been arranged to give a flue area as long and large 
lossible. The whole thing is made of the same gauge 
XT as the circulating pipes. 



Fig. .^7.—Plate Diagram for Boiler Shell 


lut out the ])late for the shell 7i in. by 10} in., mark 
the three holes for the two chimneys 1J in. in diameter, 
the exit water-jiipe hole £ in. across. 'J'ho IJ-in. hole 
iiilo' the, bottom of No. 1 chimney must also be cut. 
Le should be spaced as indicated in Fig. .IT. Plane 
block of soft wood 9 in. by 2£ in. by 2| in., and round 
off the corners. Bend the })late carefully round this 
the 7 in. side lengthwise, so that the lap seam shall be 
« of the sides and the holes central at the top; but 
^t now solder it. Next prepare the flues. Cut out 
SS 
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the copper for these m one length 12 in. by 6J in., I 
round a block of l|-in. by |-in. section, clean up 
glasspaper or by scraping with a k-nife both surfaces of j 
joint, and carefully solder up watertight. 1 

Now mark off the lengths as shown in Fig. 38, and 
a fine saw cut them across at a niilrc angle of 45° wh 
still in position on the wood. File up the joints to 
together at right angles, and see that the two horizunt 


38,—Cutting Boiler Flues 



Fig, 40.—‘Horizontal Section through 
Boiler 


I’ig, 39.—Mitre li> 
of Flues 


flues are p-arallcl 1 in. apart. The mitre joint, is slim 
at Fig. 39. Cut the TJ-in. hole in the shorter toji ili 
for the No. 2 chimney, and shape the corresponding n 
ojE U^^nger bottom flue to fit. into the No. I chii'ine 
WiP^n at Figs. 40 and 41. 

f ", Make both chimneys in one S-in, length out of a "j-i 
wide plate. Cut out the slot for the flue connection 
Fig. 42, also the i^'^-in. square peep-hole for the la 
flame, roll round the broomstick, clean the edges, i 
solder watertight. Cut ofi a length of 2| in. for Nc 
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the end without the hole, and carefully fit the opening 
po. 1 to the lower flue. Solder them tightly, and 
lip the two side gaps formed by cutting away the 
.e (.apered down in width to the cliininey diametei 



I'lg. 41.—Joint of Chimney I'ig. 42.—Plate for the Two 

and I'lue Chimneys 


)oiit IJ in.). Small scrajis of co[>j)or plate cut to fit 
[I soldered in jilace, do nicely. Next fit No. 2 cLiinnev 
its plact! in the top flue. Clean the joint, and solder 
in jio.sition j in. down in the flue, a.s shown in Figs. 43 



fit... 43 and 44.—llori/ontal Section and Cross Section 
through (icmplete Boiler 

44. f’his serves as a b.'ifflc to keep the flue full of 
ail. Fit a piece of plate across the ojien flue end and 
ler. The letter references in Figs. 40, 43 and 44 agree, 
ffhe flues and chimneys are now com[)lete, and should 
parcfully tested for watertightness. Then fix them 
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n the boiler shell, by spreading it partially open i 
coaxing them into their respective positions, and solderf 
Lhem so that the 8]>a(;e.s between the flues and shell at 1 
bottom and top are respectively J in. and J in. In Figs 
ind 43, s is a short pi|)c | in. in diameter passing into I 
due, which is corked when in use, and is intended a 
sweephole should the lamp smoke at any time. 

Two plates, 3 in. by i:l in., will be re(piired for tlj 
boiler ends. In one of them cut a J-in. round hole ij 
from the bottom edge centrally. Plnce them against tli 
ends of the boiler shell, so that, they project J in. all roe.ii 
mark with a scriber, bend the edge.s down as a flange 
right angle.s, so that they fit the .shell, .scrape the joi]i 
and solder. .Ml the. boiler joint,s should be careful 
made, tested with water ste]) by step, and also win; 
finished. Should any difficulty be experienced in sol.Ji'f 
iiig the in.side angle.s of tin; .short flue, the space bi-iii* 
rather small for an ordinary soldering bit, place seini 
bits of solder in the corners, wet. with fluid, and iL'i'! 
blowpipe on them, or the tajiercd square end of a wmi 
Idtchen poker made red-hot, ns did the writer. Screw ik 
boiler shelf, which is 6 in. wide, underneath the incubato 
to project 5 in. 

Two strips of plate J in. wide .should be cut for fe 
ind drilled for l-in, screws, bent as shown in Fig. 33, a 
soldered iu^sition about in. apart. Now screw t 
to its snelf, leaving the chimney well clear as shot 
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/ 


III is now ready to connect the boiler up with the 
|so that it stands on its shelf IJ in. from the it,onbalor 
[■ and about OJ in. below, measuring from the bottom 
:<he coil to the boiler top. Use ordinary thin copper 
;i. jiiping, bent to suit the positions as shown in Figs. -20 
;1 27, and solder the pipe from the boiler toji to the front 
iiiglit ])ipc of the coil. 'Plii.s carrie.s up the hot water 
I'ircnlation, while the ))ii>e lending from the other end 
(lie coil to the boibu’ end 
ir I he bottom brings the 
irn current of coohsr water 
il; fni' reheating and le.cir- 
litiini. Use jilentyof soldiu 
ro'ngtlien the pijie coiiucc 
(is. It screw union joints 
! u.sed at one or both ends 
I the pijics, thej are easily detachable for transit, but 
i not needed for use. 

A f-in. Silver cliimneyless burner is nsjiiired for the 
|;p, wbieii measuros 7 iii. by 4 in. liy 2 in., and should 
jiili ■! with a handle us shown in Figs. 20 and 27. Its 
( .s1 onid be screwed -J in. lower than the lamp should 
111 , a ]iaehing block being provided of that thiclniess. 
Jaeliliod of securing this shelf by moans of two s-in. round 
braekels is shown in Figs. 20 and 45. When the 
b is lifted until the burner fits up against the chimney, 
Unlock slionld just slide in place, and nrust, of course, 
59 




45,—Method of Securing 
Sliell 
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be removed when the lamp is taken away. The le 
flame may he easily seen for regulating through the sn 
square ent out of the chimney, and glazed with a sc. 
of mica .sheet J in. square. The mica Ls liold in [lositi 
by the four small strips (see Fig. 42), one on each 
being cut free at each side and bent outwards. The ihh 
is then placed in ])osition, and the bout strijis pre.ssed bia 
in place; the.se hold it firmly. When the dampi'i 
down on Ci, the heat passes into the tines to esra|ii- 
02 . When the damjier ojiens, the heat leaves at oi, m 
so allows the water to cool. 

Now jilaoc the cap.sule regulator rod in position o 
01 chimney, cut if to haigth, solder on a small hook 
susjiending the damper, and cut a wire to the eorr 
length for the damjier to ri'st on n, not- forgetting a le 
in its top end. to be .slij.pod over the regulator rod Ikio] 
a.s shown in Fig. 27. 

Into the tilling tube k (Fig. 27) jilaee a funnel, and pu 
ceed to.M.lifie coil and boiler with hot water, keepiiyi 
sharp lo^^ttt for any leak.s. Should any ajtpear, uimn'i 
the lx^& feet and lift out the coil and lioiler earihill 

'r 

for inspection. Mark- the leaks with chalk, ]iour ofl tl 
water, and thoroughly re.solder the defective joii-t 
Replace the coil in position, screw down the boiler tej 
refill all with hot water, meanwhile tilting the incnbal 
to and fro, so that all air shall be passed out at the J 
hole A (Fig. 27) and the filling hole. 
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,\Teii the water begins to rise in the filling tube, stop 
ing, fill the lamp with oil, aiul light up. The hot 
eat will soon be circulating through the pipes, and 
exjiansion as the heat increases, will probably over- 
■ a little at the filling pipe. This iriust be watched 
a sponge or cloth kc]it handy lor mopping; but a 
er way is to have a small syriiige ready at hand, and 
i this sikOv- up a little as it threatens to overflow. 

When the temperature is quite up, the tube f (Fig. 27) 
a. be kei)t nearly full, for this acts as a cistern to keep 
coil full of water, which is essential for free circulation, 
niirst not get into the pipes, and cannot while the jnpe 
full of water. While in u.se, a little water must be 
ed occasionally, as it ovaiiorates from the coil heat, 
tnci’case the heat until the thermometer at the side 
sters 1015 or thereahout.s. then allow all to warm up 
a cou|ilc of hours. It will then be time to regulate 
niacliine. .Ojion the draw door, place the eap.siile in 
stiirnp, being careful thati its bottom stud is passed 
)t.~ receiving hole. Puss the regulator needle down 
tiua; until it rests scemoly in its a])pointed depres.sion 
)ie cajisulc top. Mark off at the top the eorrect length 
pc ncodie, cut off with a file, and place the regulator 
lover it. Turn down the regulator screw until it rests 
|he needle, and continue until the. damper begins to 
bfi C] at 103°, by the thermometer below. 

Bie correct hatching heat is about 104° on the eggs, 

6i 
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and the better to ensure this it is well to have an el 
thermometer to be used actually resting on the eggs.l 
cheap clinical one is best, as it registers the maxim 
heat permanently until the mercury is shaken down agi. 
This may bo moved about to dilTerent parts of the drui! 
while in use, and will show any variations of hcai 
is also an ctlectivo check on the other thermometer :ii 
through its checking it may be found necessary to n 
the machine at a higher or lower tein[ieratnrc shov. n < 
the, side, thermometer, to ensure the correct 103’’ or in 
on the eggs. This j)oint cannot be too strongly omphasi 
as machines are often run correctly to their thcrmoiin'ti 
but may be 2*^ or 4' colder on the eggs. 

To prev'ont waste of heat from the boiler In' radiati 
it should be coveriid with two fhiektjcsses of loosely wm 
sacking, sneh as is used to make ])otato and onion Sicl 
This should he fitted tightly to the boiler, slitting ti 
stuff whore the ehimneys, pipes, and feet piojeet, jias't. 
the round them, and sewing it all snug and ! j .'1 

Cover the coil ennneolion pipes also in the same mfciiie 
In a teacuj) mix 2 parts of whiting to 1 part -of PoJtlr.ii 
cement, and add water while mixing until like fhiek erran 
Spoon it oil to the sacking, rubbing well in with the fm"fi 
and iiiiishing it olf smoothly all over, When dry t 
will form a hard, non-conducting covering, and will m 
repay the little extra trouble involved, by the saving 
oil reijuired for heatini!. 
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i five the woodwork ol the finished machine outside a 
of .shellac yamish, into which has been dissolved 
?ieut bismarck brown to make it a rich, deep red 
e. When dry, give two further coats of the varnish 
out stain. 

In ii.se, it is an ea.sy matter entirely to pull tmt the 
^ drawer during the process of turning the eggs, a.T)d 
elo.sing the hingt'd door to retain the inenbiitor’s heat. 
Ls llu5 egg.s that retpiire cooling, not the incubator. This 
int is often overlookcsl. Its advocates claim that even 

[ he iiKK’hine is cooled down, this form of incubator will 
nil uji fat more rajiidly than ,'>ny other hydro machine, 
i.iu.se ol the. coin[)tiratively snuill bulk of water. It 
1 also be found ver) ecoiioni'c.iil indeed for oil fuel. 

; W'iien returning the drawer to tlie iiietdjator, it is a 
od plan to ttirn it round, front to .side, each time, in 
se the. tcmpcriilnre. of different jiarts varies a trifle, 
li.s is rendtred easy by the drawer being made s<j[Utire 
C this pnrpo.se. 

; S^(.■ that the water is always visible in the filling tube, 
kb.i^ a little occasionally as it cv.aporatcs, full pipes 
fug es.sent.,d to a good ciiculatiou. 




CHAPTER V 

A New Design of Hot-air Incubator 

This handbook would not bo ooni|ikdc if it did not tii': 
on the ])rartieal construction of a hot-air incubator. Th 
machine—the. “Mezna”—here selected for dcseriptii'n 
not of the customary hot-air type, but is a new and sjiu i; 
desiffii, originated by Mr. Lionel Hall, a British mill, 
and also an e.\-perienccd poultry breeder, who has bei 
particularly suoces.sful in artificial incubation for tl 
“ day-old chick ” business. He is coidldent (hat a inachi 
giving bitter resulU at the same cost and more eusii 
managed is unobtainable at the present time. 

This machine does away with the long winding ill 
pipe, which is so dilticult to clean and the fouling of wliui 
causes au )atatea.se. in fuel consumption. Often the (lua 
is raised dAligcrou.sly high, this causing soot to de] 'i.il 
ill the, flue, and so makes matters worse. The macliiii 
here described and illiistiated is not just, an improveniwil 
along well-known lines, rntlier is it a distinct type b; 
itself. Tnste.ad of the huge tank and intricate flues 
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construction that can get out of repair, and the t* 
flue, and circulating tube are all in one jncce, n-1 
everything less complicated. By this system two j 
difficulties are overcome. The flue being only C in. l' 
it is easily cleaned, and the tcui])orature in cold weatl 
is maintained satisfactorily. The inventor has |iTote( 
this new system of hcut.ing, but readers of this handb( 
are quite at liberty to construct the maehine. for use, 1 
not for sale. The inventor supplies all parts and fitti’ 


that cannot be made at borne. Inquiries should be , 
dressed to Lionel Hall, (’ausevvay, l’i.slip<inds, Bristol. 

The macliine is very fully illustrated by Figs. 4*1 
07, under each of winch is an c,'C|)laiiatory juscrij.ti 

The idiief materials used will he 4t-in. by jj-in. V-shr; 
matchboard, .'{ in. by J-in. wood for the framcAVork, it 
millboard or strawboard for the inner case, flock> 
packing, the various fittings, and <1 lb. or 7 lb. sheet-enii, 
tor thc'heating tube. 

Make thatafo wid.s of the ineubator first, hv coii.struiiiii 
froiU.^p^^pin. timber two frames 2 ft. (> iii. by 1 ft :ii 
Th^a^^S, halved together, are covered with ;-i 
mat^Doard, using panel ])ins as nails; they will dm 
easily, and thc small heads can be )uiuched in. Plane tl 
frames srpiare. By using narrow matching shrink.agc w 
not be noticed ; but if glue joints are made, or wide boa 
used, they so often crack or joints open. The riart 
V-mJfehbodrd will cost less, and always remain gw 
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( s, the difficulty of making a glue joint is avoided. 
1 the lengths (3 ft. 6 in.) of matchboard for the back. 
VC a groove or tongue, and j)lane square. Nail this 
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on to the two sides, and board up from the bottom, 
the work on its back, and nail a. trued-up piece of 
by I in. on the top part of the front, and a strip 3 ii 
i in. on the bottom of the fron'i,. There will be left an 



space of 6 in. along the front, which will be filled in lalc^ 
with the two doors. Lay the structure on the groiiiiil 
bottom up, and see it is quite square, then board over will 
|-ia. matchwood. 

Jdake the two J-m. ventilating holes, as seen in Fig. 
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put one hole 7 in. from the back and 7 in. oft the btji 
and another 7 in. from the. front and 7 in. off the bui 

Next lay a .striji of 3 in. by | in. up the centre ',1 
back, and nail a strip of the aamc material on the 
against the two sides, and along the top and bo J 
This is to fix a piece of millboard on, thus giving a 1 
space between the two backs. Jjasting tacks, or “ ting^ 
as used in the boot trade, will be best to fix the inilll.jl 
on with. 

With 5-in. matchwood cover the two inner sidi's fl 
bottom to top, keeping the front edge flush with the, ins 
of the fnnit. Before nailing this in, the, inner ventihitj 
holes must be made. On the right or lamp side llic hi 
will be 7 in. from the front and back and fij in. from I 
inside bottom. On tin; other or left side, the hoh>s wiil 
1 in. from the. inner bottom and 7 in. from the bad a 
front. When these lioles are all made and the, ch.jiiii 
proved to be ch'.ar, nail in the .siih's. 

It, now observed that air enters at the l.i! 

side'^'-*^^Machinc, thningh holes 2 in. froui the bntti 
into the inenbator at openings 7 in. from the ii'ont and k 
and Ci in. off the bottom, across the heated chanih 
dowiiwai'd,-, through two holes 1 in. off the bottom ai 
7 in. froju back and front. (Eefcrencc to the illnstriitio 
will show what is meant.) These tw'o holes will be m£ 
through the runner of the egg drawer, into the air S] 
upward and outward throiigli two holes in the outer i 
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In the machine is complete, f(3ur circular plates, 
Fpennics, can be made. A bole sbould be drilled 
^ cacb, clo.se to the side. A small ro.so-beaded 
Krill fix this, as a revolving hinge, over each veuti- 
b that the plates can be moved l.o make the aperture 
L. To give more moisture during incubation, close 
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or imttly close the ventilators. The best mle is, 

1 

have the vejitilators a quarter open, gradually iiicr 
to full open by the nineteenth day, after which time , 
close them un1.il the chicks arc hatclied. 



Incubator 


N'ail a .‘{-in, by J-in. strip acims Ihe centre, from ( 
to back, on the bottoin, and another each side ou 
bottom and iront and hack edge.s, rhi.s will allow 
board to be tacked all over the bottoin. 

Procure four jaeces of wood 2 in. by I in. fo 1. 
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Tig, 52.—Side Elevrtion of Heater and Hot>water Tubes 
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not to come flnah with the f-in. inner sides. Allow 
i in. to f<irm a vebate for the glass doors to fit a' 
Nail a atrij) all round the inside front, and let J in. 
over for door rebate. Cover the front with millj 
allowing an air .s])a('e as in all other jiarts of the ina 
It is thi.s air space, or double {‘a.si]ig, that kee)i.s th 
chaiubor temperature even. One very thick wall ' 
not do it. 'I'hc millboard or strawboard aebs even 1 
than wood. The double gbi.ss doons can be made of 
strijis of wood bj in. by IJ in. Lav these down, 
fasten another smaller frame to them. Nailing with 
panel pins will make the iloons very strong. 

The eonstruction of the woodwork has been sim]il 
to a.ssist readers who are not skilled woodworkers; 
sc<)uentilv, .stum[) nurtice work for the door frame.s 
been avoided. 

The two doors mu.st fit the openings left for I) 
An illu.5tratioi! {.see h'ig. tit) is given of a portion of 
double glas.s doors, and Ibis will simplify eveiylli 
glass in its ])laee ; tl.x this in with a strip of wii 
forms a rebate to hold tbe other glass, to be seen 
^h a few taeks and potty. Two U-in. bntt hinges: 
be rc(|uired (or each door. The, doors must be fasts 
securely and Ciisilv opened. This is best effected k 
spring catch, as sliown in Fig. 41). The doors, now tl 
are fitted, will be best left off until the maobine is finidi 

The egg diawes or trays (see Figs. CO and 67) will 
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!ered off. Two panel pins will hold each strip firm. 
l,hin calico is tacked along each side of the egg drawer, 
pt the back and front; this is to sag down or droop 
i, as illustrated in Fig. 07. The eggs will rest firmly 
ese trays, and can be more easily handled than on 
a slo))iug bottom of perforated zinc. 
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in Pig. 64- to larger scale; G-lb. or 7-lb. sheet cop? ii 

the most suitable metal. The heufor is filled with ug 

by the filling pipe, as .shown clo.se to the tine. 

caiuses the vvaiiiied water to flow through the L’-in.| 

;i ‘ 

to the left and right ol the .sniailer eeutic tube. 
around, it meets again, entering the long eeui.ral .1,1 

‘i 

where it diseharges into the heater, to be ag.iiu heateil 
distributed. This .system gives a more even tem|ieii 
to all jiarts of the. egg ehamher, whieh is easily mainlij. 
at small cost. The heater should always be ke}>t ij ;; 
w.ater when in use, and any lost by evajioration mi 
replaced by adding some warm water. 

To fix the eireulating tubes, cut an opening 2i\) 
through the centre of the right-h.uid side of the incubi^ 
down to 7 in. from tlie inner bottom. The ti-in. ‘ 
connecting the heater with the circulating tube will 
in this groove, 

of ?-in. iron rod make two eaniers the widt 
th^^achiuc, by flatteiiiiig and bending u]) about 4_ 
through the llattened part dftll two holes for screws, ’J 
will hold this carrier in position. The carrier hole! 
heater tubes 7 in. from the bottom and ipiite level. P 
shows where the screws go and the method of 

Between the outer and inner ease, just cut down, V 
of wood can bo nailed in to strengthen the side ; auj 
inside,at the top,can carryastci|) nailed along, to bridgq 
tlie opening and recei''®. the pins when the top is fixer 
78 
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^ piece of sheet metal is fixed round the top half of 
|ibe; and another jiicce, shaped to the bottom half, 

, d with rose-hended screws to the incubator side. 

tliust the Iicatcr_ I , 

ally, and fix with J ^ || i 


eally, and fix with 
I, to the carrying rod. 
i res can be fixed to 
.s screwed into the 
'>ine. Lay a sheet 
raaboard all over 
heating Jtil'OS, and 
jp to the top with 


-'he lengths of 5-i»- Vtltf’] 
chwood can now bo | 
off to form the top. 
love the tongue or ^ j 
ive from o»c piece, , 
fix this flu.sh with 



CaVT \ROti 


V 


front, and board 

i until the worker 

$ 

ts at the length of 
I to carry the regu- 
■ Exact measure- 
3 are given in 
47. Through this 
I a bole is placed 
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to allow a f-in. copper tube, 7J in. long, threaded 


) 


ends, to pass into the egg chamber. The capsule ta' 

i 

tripod screws on the end in the egg cliaraber, ai“ 
brass regulator on the top at the other end Hcfere, 



59. —Ooss Section ui Kegulutor 
Parts at K ^hf Angles to that 
shown to Fi^. 55 



I 



Fig. 57 will show how it is tixed with three screws; 
it is not fixed until the last thing when thd' damper 1 
over the flue. ' 

The remaining part of the top should now be fixed 
■0^ thte edges of the tep and bottom pjlaned true. 

bead, easily procured at the timber yard, is mitred ag 

So 
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3omer8 to fit round the top and bottom, to be fixed with 
2-iii. panel pins. 

The incubator legs {see Fig. 03) can now be made out 



Ll-tt 




‘H 




i- 




a 


Fig. 63.—Two Elcva- 
tionN of One of the 
Four 


'0 






ini' 


• lOIC^ 


.Ifi 

\n 





\ 2-in. by 2-in. timber. Figs. 46 and 48 show how the 
Fte rose-headed screws fix the leg. Reference to the 
blelevation (Fig. 48) will r.how the legs fixed and where 


Si 
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tlie stop bead is cut away lor the leg to take tbo weigh 
of the machine. 

A lamp rest, as shown in Fig. 40, is made by nailing n; 
screwing a jiiccc of wood to the bottom of the maehino. 
having had the oblong-shaped piece of wood, lilce tin] 
iamp bottom, previou.sly fixed to it. The lamp i.s 



placed on this rest, so that the flame is exactly umif’t 
the flue. 

The lamp is made 7 in. by 4 in. by 2 in., as illustrated! 
It is fitted with a ehimiieyless burner, which need not !• 
placed too high into the .short flue. 

'IV capsule can now be jilaced in position, resting n' 
the tripod, and a lifting needle fitted. Let it rest in da' 
button on the top of the capsule, and stand J in. above th® 
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irass regulator plate. Tlio end on the cu,j)sulc is blunt; 
|ic u])per end is pointed to fit into the socket of the reralator 
brew. Kit a bras.s rod from the ri'gulator as shown, to 
^ach a little beyond the flue, and construct a damper 
Kth hanger as shown in Kigs, (il and t>‘2. A lead weight 



Fijj. ()6. I'Lui of Hj'jl Tray without Calico 



PI^. 67,—Section t!irouj<h Tray 


feu be required to slide along the regulator rod. Reference 
the sectional elevations (Figs. 40 and 55) will give 
e position of all the various fittings. 

‘ With the parts removed for convenience, the machine 
in be glasspapered smooth, stained, the nail holes puttied 
ip, and the whole polished. • An easy stain to make would 
in oftk. Add brunswick or berlin black to turpentine 
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until the required strength is obtained. To get mahoganv 
colour add some red. A})|)ly with a brush. This beint 
a spirit stain, it dries rapidly. A small quantity of jmlist 
can be made by dissolving 2 oz. of orange shellac in J jit 
of metl)}'lated spirit. First rub the work over with 
thill coat of linseed oil, and then ap[ily the polish. Wln i! 
tljis is hard, screw on the. hinged windows, sjiring catche,; 
and the regulator. If wished, make four ornamenliii 
corner phites of thin slieet copper or brass, as shown 
Figs. anil tK. and fix with small bra.s.s rose-headi'i 
screws. The finished incubator is now ready for use. 

This i.s one of the very few hot-air machines in whiel 
the heat is snp|died from hot water. With 'the u.su.' 
tyjie of hot-air inciibator.i, if the hnnp i.s left untrimmei. 
forgotten, or by accident the flame goes out, the ege 
may be chilled. But in this case, should the lamp go oui 
it would be many hours before the eggs became cold. 

Incubators constructed on this jirinciple have been * 
for years. Actual practice has provei 
in the supply of very large quantities » 



»4 





CHAPTER VI 
Heat Regulators 

EAT regulators used in incuhators depend for tteir 
ton upon tlie univeiKally known fact that matter 
^ands wdth increase of temperature, and contracts as 
5 (etn])erat'ire decreases. 

! Briefly, if a liox made of very thin metal is filled with 
|,<i and scaled, its w'alls will bulge out or cave in acoord- 
jiy as the fluid exjiands or contracts wdth alteraiums 
; tempo i-.iturc. It will bo easily understood that by 
iTis of a system of debcately poised levers, the bulging 
of the box may be made to open a damper and allow 
t to escape from a flue. This, then, is the principle 
the capsule ^regulator, by far the most generally used 
e. Next to this comes the J-tube regulator, in which, 
in, the expansion of a sensitive liquid is utilised; in 
case, it forces up a column of mercury, and the move- 
it is transmitted by leverage, as before. Further, 
ie is an all-metal regulator, wdiicdi, while at first sight 
a to objection, has given an excellent account of itself 
pertain well-known hot-air machines. Other regulators 
send on the expansion ct gas (generally air), but they 
Erequenllv of an experimental nature and there ia 
8S 
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no need to consider them in this book. The ca|isn 
and the J-t-nbc device,s will answer all ordinary royniii 
ments. The all-metal rognliil.or is described on p. l.'C., 
The whole action of a Hiniple regnla-ting system is ea.si, 
understood by referring to Fig, 11, )). g.H, which illnstiali 
a customary arrangement of mechanism when e,m|ilo\ ij 
a capsule regulator. With any rise in tempe-rature aft* 
a cerl,ain point ha,s been reached, the top of a ca)!.si,’ 
will raise the rod a e(intained in tube n, transmit the mot ■ ■ 
to screw o, which is adjustable in the. ]>ivoted piece 
and thn.s raise, a weighted lever e, from the other end 
which depends the damper p normally do,sing the li’, 
0 immediately over the lamp n. A ,‘i;-in. ri.se of the. verti 
rod A is so magnified by the leverage t.hat, the damp('’ '■ 
raised i in. The raising of the danijier allow.s part of t ^ 
hot gases to ])ass avvay direct instead of circulating throii 
the fluo.s contained within the tank. As tlie temjicran 
of the incubator falls, the cajisule .slighllv colla|i,sos 
lever k falls, in this way rejdacing the damper, !■.<' 
system is adjusted by turning screw c, thus raising 'fc 
lo'#e|^ it., and In- moving block J along the rod E, clamg.ns; 
^^^lositioii when desired by the set screw K. 

The Capsule Regulator 

This is a most reliable regulator if properly made ait 
used; hut it wdll not regulate every incubator wilaen* 
some adaptation to the peculiarities of construction 
86 
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designed for use in a hydro incubator, for which it 
eminently ada|)ted. The amount of exiiansion which 
n be allowed in a capsule is but small, otherwise it would 
tckle and burst; but the expansive power is great, and 
■has to bo kejit in check by mechanical i)rcssure. Fig. 68 
bws a common devire. Inserf.ed through the exact 
Itre of the tank A, as shown, is a length of small tubing. 



Fi#*. 68. —Capsule Rcjlulator in Hydro Incubafor 


^hrough which a rod, c, can freely work ; this rod, resting 
I the capsule d, will rise with its expansion. A lever, e, 
placed above the tank, haviiig at one end a fulcrum, P, 
behind the point where the rod touches, and the 
[Sr terminating over the flue with a disk, j, attached to 
|aB a damper. It follows that, immediately the lifting 
: c is forced upwards, the lever e will also be raised, 
1 this will be multiplied at the damper end, the increase 
ending upon the distance between the point of 
intact of the lifting rod c and the damper disk j, 
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and also upon that between the contact point and ili 
fulcrum V. 

The capsule regulator consists of two thin jilat. 
joined together, forming a mclal case or re(_'e])taclc, hii 
mctically sealed, en(h)sing a small qnanlily of a volatil 
fluid, which, by the action of heat, is converted into vajyaui 
and occujiies a inucli larger space, than the fluid froi 
wliich it is generated, so distending or bulging out ti» 
capsule. On cooling, the vapour becomes liquefied, ai 
the capsule returns to its former condition. 

The boiling points of various fluids at ordiiwry pressu'' 
are as follow, the ri.se of boiling points being in inveiq 
ratio to the, elasticity of the vapour of li(pii(|:— 

u. 

Cenllijriuht Fahmihev 


Ether 

• 

85' 

95° 

Oarbon bisuljJiide , 

. 

47’ 

110° 

Alcohol . 


78“ 

172° 

Distilled water 


1(NI° 

21-2 


these varyiflg boiling points, it is an easy inaiti'* 
^'(C^pound a liquid which shall boil at any requirec! 
i^nperature, and, the boiling-point being dependent niu)| 
pressure, evidently that of any liquid placed within t!| 
capsule can be raised by simply sliding weight k ahiii 
the damper lever b (Pig. 68). What is required is a liquid' 
which shall boil at somewhere about blood heat (98“^f )< 
and this is found in a mixture of sulphuric ethery^ 
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pohol (spirit of wine). [Note ; Water and ether will not 

Mx.] 


■ It, does no), inn), ter, (,o a t crfaiti extent, o£ what material 

I cajisnle is inmle ; le■a,ss is snitnble, hnl the exi)ansibility 
■he li([niil witliin will he in a ineasuro I'overned by 
, o{ its reeejitac!'' Size and shajje also are matters 
imall inonnnit; it was nsiial to make the capsnle of 
xre shajje, •? in. cmcIi way, hut the. eirenlar shape i.s also 
iilar. If the hottorn plate is thicker than the top, it 
give gieator stahilitv to the finished appliance and 
e an extra ]>urpose by i>roviding a firm base for a pin, 
'h, affixed to its centre, forms a means wlieroby it can 
I'kept secmely ui place in the incubator. The upper 


j|te L (h'ig. (iO) will reilnire to be 21 in. S(Hiaro, of No. 3.1 
^'e, and the lower, m, 2 in. srpiare, of No. .30 gauge 
■.a. A disk, r, about J in. diameter and as l.hick as a 
pn, with a conntorsmik hole in its centre to form a 

It. 

L, g plate f»r the lifting rod o (Fig. 08) must be soldered 
trally upon the up 2 )cr plate. This disk sjireads the 
Bure over the whole area of the cajisule. In the centre 
he bottom plate the fiiii or stud is to be soldered, and 
i comes in a detail of manufaeture which will be found 
mvenience to those not very expert in soldering. The 
employed having to boil at about 98°, it is almost a 
;cr of impossibility to make a sound joint to the cajisule 
*t the same time imprison the necessary liquid. Instead 
i,solid stud, a small piece of brass tubing, n (Pig. 69) 
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forms a convetiienoo for fillin'; the cajisiili*; aft('r ( li 
lius Ikm'ii aC('oiii|iIi.sli(‘(l, a |iii'i'o of iiniss roc], s, is insorii' 
l,i;;litly fitting tlm tulu' and .soldered in ; a .sound joii 
can llms l>e made with the leaiit trouble. Tiefoio, beginiiii 
to make, tlie <‘a|)snle, (be slieets of metal forming it mu.- 

bo made flat b}' beatia 
witb a boxwood mallet 
so, if tbo wonlddH' male 
is not an exjjort in tbi. 
bo will be well atlvi.s'i 
to [)iiroba.so tbe matcri 
s('Ooially ['rojiarod. 

Having tbe plat' 
flattenod, tbe tube n 
]) lace, and tbo elisk li i,. 
position, proceed to bet :| 
the edge of tbo laro ' 
and thinner jilute ov - 
the bottom of tfie tbielo '. 
one, wdiich will allow s 
turning of J in. all round. Neatly solder this join! 
with a 2-in. square of blotting-jiapcr, t, placed betwoeJ 
the Fill the tube n with sulphuric ether I 

spirit 1 part; allow the liquid (? 
adding as required until the blotting-paaft 
will take up no more. Then pour off any surplus, 0 ^ 
Solder in the plug s, which, if carefully done, will nt-ik® 
90 
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ciipsiile coin|ilctc and ready for work. Fig. 09 is a 
nevvliat exaggerated section of a caji.siile, and Fig. 70 
])]an, the df'lted lines .showing the nnder.side. 

|!Ne.\:t jiroceeil to fix the, capsule in jiosition in Ihe. 
^uhalor. Taking first the hydro macliino {sen Fig. OH), 
Hinij)lest method is to solder centrally throngli the 
k A a length of small brass tnlhng, B, with the lower 
1 (hreaded and projecting, say, J in. throngh the tank 
torn ; a small brass wa.^lier, v, is ta|>|ied to fit the lube, 
to this is soldered or rive.tcd a couple of str.ips or 
I of bra's, vv, bent to form a hanger, and joined at the 
by a washer or disk of metal, x, having ri central hole 
^Accommodate the stud n (Fig. 09) on the base of the 
' »snle , Fig. 71 shows this in detail. The lifting rod c 
then pass through the tube ii and rest in the counter- 
k hole ill the disk of the capsule. The depth of this 
ger inn,St be. regiduted by the distance between the 

fe 

^Tik and the,eggs ; it should be deep enough to allow the 
psule to rest within 2 in. of the, tops of the eggs. 

The damper, as already exidained, needs a lever (see e, 
». 08). It may be of, say, ib'iu. bra.ss rod, or of ribbon 
iss, as shown in Fig. 72, fixed to a cro,sspie.ce of the 
ne material, about 1 in. long, at its back end, and having 
each end a small countersunk hole centrally punched or 
Hied. About 1 in. (or less) from the cross-piece the lever 
^ust be drilled and tapped and fitted with a small adjusting 
i^ew. To facilitate this, and also the fixing of it to tho 
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c.ross-piccp, tho back cml of tJie lever may b(! flattened 
bamincrin^ j and if a slot is filed in the cros.s-]>iccc tn accoJ 
inodate l.lie flattened end, tljc jairts wliieli will lx; in conta 
lum be tinned and then soldered i.onotber )jy llie aid of 
blowpi))e. A braekei,, f, to snjiport the lever will be retjnisil 
and can be made of stout ribbon brass J in. wide and, sa 
11 in. loiijr, with tlii' ejida Ix'iit upward. U -sli.'ipe. Drill 



lator Ltver 


bole in Its base for tfixing, and one in each limb. Tl» 
limbs arc to be, tapped and fitted with sharp-pointed steel' 

“^P^provided in the cross-piece fixed at the. end ri 
form the fnlcTum on which it works. The 
^tsting sbrew h needs to have a small disk soldered or 
veted to its point, in order to form a sure connection 
the capsule through the lifting rod, which can now be 
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by a straj) of ribbon brass ^ in. wide. The ends of leve 
if of rod brass, are slotted, as shown in Fig. 7 t, and fitt 
with pins, which also [lass through the ends of the brr 
connecting strap. In thi.s the adjusting screw - the poi 
of contact--lies on the side of the fulcrum o]i[iosite 
that of Fig. OH. This lever <'iiu be lengthened to aecoj 
niodatc the sliding weight, a.s shown bv d(j(ted lines, 
the w’cight K can be inonnied upon the up|ier lever , 
shown in full linos. The bracLel for the upper lever w 

need to bo soniowli. 
taller than that for 11 
iower, .shown by dott' 
lines in Fig. 72, ' 
which it is drawn stay' 
by a ero.ss-bar to jirove 


I 




=3A 


Fig. 75.—Modified Capsule 


the limbs being forced apart by the screwing-u]i of iF 
fidcruni screws. 

The above arc .suhstantially the arrangeincntti e- 
moldy in use when the eajisulc regulator is enqiloyed. i' 
the hingeing and adjiLstnicnt of the damper lever j 
frcipie^J^ accomjdishcd in other wavs; see, for exanm 
p'and 27. 

oidifled Capsule. —Fig. 75 shows a capsule of tf 
diMt bras.s, both sides being of the same thickness, 
leather disk, b, is glued on the bottom, and on the tvii 
soldered one of the copper disks, c, found in shot cartridge* 
this has two holes in it. Before soldering the toj> s" 
94 
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Fi^. 76. -“Acme” (Capsule 


^ spact! must bo foiiiui lioro for jiaiticulars of the Acme 
^ule {“ coiii|iouiid wafer tl.'ormostat ”) used in the 
|Pccrles.s ” mcid)ator made l)y the II. M. Sheer Company, 

f ^uiiKv. lllinoi.s, U.S.A. It consists {sec Fig. 76) of four 
rugiited disks, a, of a broiize-Iike alloy so joined together 
t they form two cliambcrs for the volatile fluid, upon 
expansion and contraction of which the working 
lends. The cup-shank h, the hollow stem G, and the 
I stem or valve, shank D are rivot<«l and soldered in 
^ition, and through the stem there is inserted into the 
iambers a measured quantity of the volatile fluid. Then, 
the position illustrated, the capsule is placed in a warm 
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bath; the fluid does not escape through the opening been 
its density is so much leas than that of water. A.s the h 
converts part of the fluid to gas, any air is forced out tliroi 



the opening, and when this process is complete the valve t 
automatically closes the opening; afterwards, the insertii'" 
of the screwed plug f ensures the permanency of the seal 
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any patteriiK of Pi'erless incubulors, this oa[isule is 
[|taiidcin fashion, as illustrated in Figs. 77 and 78. 

arrangement, ovi'ry lever has for fulcruni a knife- 
land thus, by reducing friction to a miniinuin, the 
B is made as .sensitive, as possible. 

J-tube Regulator.—This is fur more sensitive 
any other regulator in use, but il has its disadvantages. 

to be so poised that the weight of a 2 >in will shut 
pen it; and should the bearings get clogged, the 
I* will force the mercury m the tube beyond the cork 
and not lift the damper. It is quite inexpensive, 
|an easily be coirstrueted. A glass tube a (see Fig. 79), 
luring 7 in. bv .1 in., and scaled at one end, i.s turnod 
so as to form tire letter J. The sealed end should 
krned up about 2 in. Ether, being a .spirit, which 
|at about 95'' F., is the best agent to move tbc mercury, 
should bo poured into the tube until it occujries 
of the goaled end. Now pour in mercury until it 
^es within about 11 in. of tbc open end of the tube, 
tether will now be found to have left the sealed end 
|e tube. To get the ether back into jiosition, jilace 
liiger on the open end, turn the tube upside down, 
acline the tube so that the other returns to the scaled 
I'where it must always remain. A piece of cork B, 
must fit fhe glass tube quite loosely, is fastened 
the end of a piece of No. 18 wire, c, about 4 in. long, 
cork is now passed into the tube and allowed to rest 
97 
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on the mercury, the wire standing 2 in. above the 
This tube is jilacod jierfectly ui)right in a wooden 
(indicated l)y doltoil lines in the illustration), witlu 
top, on the side of tlio iin ubator as close down tc 
eggs as the ilrawing in and out of the drawer will pe, 
Jf convenient, the wooden case should be fixed in 
centre of the incubator, from which |iuinl. most hw 



derived, especially if the iiunibator is made with r r. 
instead of double Vails, The damper rod Ji is balanc 
on a V^haped piece of iron or .steel n, the sharp 'd 
resting on two pieces of concave agate sloiu' 
rable from weighing-maehuie inakets). These sti a 
iire let into the incubator top, and secured with a glutii "i 
substance (seccotine, marine glue, etc., would ansePt 
The damper rod D consists of a piece of i-in. 
iron wire; a stair rod would be suitable. A ih"*'^ 
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or 4 in. long is cut on one end of the damper rod, 
a lead weight G screwed on to balance the dami)er 
which c.o\eTR the I '.mp chimney. The V-shapod 
ng i.s soldered to the rod and at. right angles with 
the rod must cross the centre of the licaring. A 
centre-iinnch mark is made in the. damper rod for 
Ipoint of the regulatitig rod c to rest in. The ceiilre- 
:ch mark must be J in. from the fnlcnnn, so that when 
luereury rises even in., tlie danijier caii on the end 
fcthe rod w'ill be. lifted more t.han half an inch ; but 
this damper rod is bidauced by the screw weight, 
^iJl fail to lift the cap, and the mercury will rise over 
fork, 1)', the expansion of the. ether in the sealed end 
lihe tiihe, at a heat of 104° F. 

Automatic Gas Regulator.- Most of the automatic 
P'regulators for iucubator work now ou the market are 
l^iifed article.s, but the arrangement shown by Fig. 80 

( freely be made by anybi'd)'. Assume the jireseiice 
ay a eapsulc system with the usual damper rod s 
. 80). At the back of the rod, behind the pivot, 
a hole to take the rod k, J in. or more, thick, and 6 in. 
in. long {see dso Fig. 81), which should be strongly 
sred in place. Ou its extreme end, solder at right angles 
n and a corresponding i>in on the end of the lever 
gas cock. Connecting the pins must be a brass strap c. 
itlder the whole elbow to a small brass base or foot similar 
t F (Fi". 81). The two pins should be lightly riveted 
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over to secure o from slip[)ing off while allowing a fr' 
turning movement. fVhen the correct positions Ini', 
been found, screw the elbow in [ilace by its foot, an 
connect up the flexible pipes sh.own in Fig. SO to the ini 
and outlet end,s, leading the l.-iller to (he burner. As tl 
capsule expands .and lifts the d.atnjior arms, it depre.s^ 
B and fiu'n.s roimd (In- cock lowering the gas. A rever 



c 



l-'ig. SI. - (ois Cook Fig. 82.-Plug of Gas 


movement t.uiai.s up the ga.s It is necessary to find lif 
experiment the exact cut-off po,sition of the cock befeit 
making the coiineetjon strap o, and to arrange it in 
such a way .that the slightest movement lowers ti'f 
the gas being turned entirely ouj, till 
!^-shaped groove g (Fig. 82) all round the pln.j 
in 8)5® with the bore hole; this will always allow so 7 ai-' 
gas to pass. 

As some readers may prefer a valve regulator to tW 
arrangement above described, one is here shown (’« 
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p83). The body b may be a short length of If-in. 

tubing, in whicli is soldered gastight a partition, P, 
ag a sealing bored to fit the valve shoAvn, which is 
in one with it.s «i)li!dle, v s. A bottom is soldered 
body, to which is secured centrally a short tube 
|y fitting the Sjundle, and having a short weak s])iral 
g, s, underneath the sjiindle. In the cover is an'anged 
all, internally thieaded stufllng box, to which the 



Fig. 8,1.- Valve Regulator for Use witli Gas 


is fitted. Tallow or other suitable packing keeps 
|i spindle gastight, while allowitig free vertical move- 
A lever, L, fitted to the back of an ordinary capsule 
ator arm, on the principle explained in the preceding 
raph, is bent to bear on the adjustable cap, r, which 
be screwed up or down to a suitable height. The 
may be normally open in. or less, and when the 
ulo expands through overheating, the lever L is forced 
and shuts the valve. On the lever rising again, the 
jing s pushes the valve open. The valve may be about 
in diameter, and may have one or more small V- 
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nntclies carofully filed in it.s lieat. to allow some lit 
gaa to pass when t.ho, valve is shut, thus pTcveiiting i 
light going entirely out. An iiilcl coek i and an out 
at 0 arc sliown, to which nihher jiipos are to he attach 
Two or three lugs may he formed in one with the hotti 
plate to project heyond tlift body, each drilled to fa,k( 
wood si'rew, anri used to secure the whole in il..s corn 
position. 



Fig. 84.- Excelsior Gas Valve 


The E.xrclsior gas valve, olitainahle. for about sc'.r 
shillings, has jioints of similarity with the above. Bv:*' 
use the ordinary damper arrangement is obviated, ii' 
damper lever d («c?! Fig. 84) is continued to b, wherm 
operate tW valve, a is the gas inlet, and c the outlet 
s is’.ihe )nvot, p the. adjustment screw, and s the by 
pas^ control. 

It is not essential to provide a regulator or coiitro!:. 
when gas is the source of heat, any more than it Ls wi o 
an oil lamp is used; but if, of course, means of saving 

gas when the internal temperature of the machine ri*** 
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it c(indiK',es to cconoiviv in working. When 
ttings fire ordorod willi tlifi Hoarson incubator, 
rangenicnt tiliown in Fig. 8,5 is supplied, and tliia 
rs sati.sfaelorily viliore the gas pressure remains 
even. In many places, however, the' jirossure 
in tbousands of houses, for examjile, the meter 
small to 

and when ; J Ml.iii |FV-—-^IL 

t||pajiaeity is iijl U| |||ij ft l&jp© 

Veiled the :''V if II 


s|,.. ..... B I g 

^ one lifting i 

w cause the f 

I 

^ or jum[>. 85 ^ He«rson*s t?as Attach- 

&i g a Larger without Governor 

I ', it i.s advisable in all such cases to employ 
'criior on the incubator fitting which automatically 
nts a sudden access of surplus gas when t.he house 
are turned down. Fig. 86 shows the Hearson 
overnor, and by means of this device, the supply 
0 adjusted to a nicety, and the flame remains con- 


Regulating Incnbatoi Heated from Separate Hot* 
er Apparatus.—It is practicable to supply an incubator 
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from a spparato hot-water apparatus, but tlie regu 
must be worked on a ventilating shaft. 'I'lie meelia 
is jwecisely the same as that used to roidrol the 
obtained from a side lamp. The damper works over 
top of the .shaft, and when raised b\ Ihe caji.sule al 
heat to eseajie. Bv forniing the shaft as shown in Kig 

riie wuVr ill til li. 

W,. «6. 11,.,...', O.. AII..I.. I.,, 

ment with (»overnor 

The heati of the wf'' 
in the isujiply apjiaratus de[('nil» on the distance 
has to travel before it enters the incubator tank, ai 
unless the flow-pipe is insulated by covering with sla. 
wool, hair felt, brown pajicr, (dc., it will lose nne 
heat. 


Electric Alarm for Incubator.—Electricity has no 
been applied in any serious way to the solving of incubntoi 
orbijteis. Electrical regulators, for example, are ItJ 

lOt" 





HEAT REGULATORS 


Bans out of the question, but it is doubtful whether 
jWould have any real advantage over the present 
iiical arrangements, tin the other hand, indicators 
larms may be advantageously worked by electrical 
I, as it is a sinqile inader to cause the indication 
















rijf. 87.• Hcffulatin^ Incubatoi Heated from Outside 
Source 

I igh or low temperature to be given in a place far 
fved from the incubator house. 

9ie most effective electric alarm to indicate high 
low temperatures is the gardener’s greenhouse electric 
nometer, which is made and sold by all manufacturing 
ricians. It is similar to an ordinary mercurial ther- 
^eter, but it has in its tube two platinum wires, which 
I connected to two terminals in circuit with an electric 
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bell. The tips of these wires can be moved in the. till 
and adjusted to any temperature. Should the merci 
rise too high or sink too low, the electric bell rings. . 
having two belts of dilferctit tones, one on the high a 
one on the low temperature, circuit, the owner can kiv 
at once what the trouble is. Another eHeclive ala 
may be made with an adaptation of a fire alarm, as sho' 
in Fig. 88. Procure two very thin .strips of copiier a 
zinc, of equal thiekne.ss, from J in. to I in. wide, a 


0 


Fiji. 88. - Electric Alarm for Incubator 



from 3 in. to 4 in. long (a). Coat one side of the copf 
and one side of the, zinc with solder, and sweat t)i 
^*^at is, heat them in a Bunsen burner or' 



b' until the solder flows; then drill three or k 
holes at nearly equal distances apart through t 
strips, and rivet them with brass rivets. Bend one '' 
as shown, and solder this to a strip) of brass, d, | in. v ' 
1 in. long, and I in. thick. Fix this with short bn 


screws ,tft one end of an ebonite block 1 in. wide, 

■I#;’-- 


3 

> 4 


thick, ana 4 in. or 6 in. long. To the other end of i- 
block fix a brass bracket, b, carrying an adjusting scrov 


io6 
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on the opposite side fix another piece of brass, with 
|milar adjusting screw, e, passiiig through the, ebonite 
bk. The tips of these screws will come in contact 
the tip of the strip a, and connect one of the bell 
nits. When the temperature is too high, the zinc 
will expand fastest, and bend the strip until it comes 
ntact with one of the screws. When the temperature 
Irs, the zinc will contract, and bend the strip in the 
direction. Adjusting the screws to the highest 
■lowest allowable temperature by the aid of a ther- 
aeter, the strip should be midway between the two 
In the temperature is 103° F. The connections of 
ralann with battery and bell are shown in the illus- 


CHAn'ER VII 

Successful Incubator Management 

Therk are many incubators on the market. Some suppl 
beat from a tank, filled with water, above the egg chambei 
the other kinds give beat Irom hot air. Ojuuion is ofto 
divided as to which is the better type of machine. I 
Great Britain the tank machine is used most, but i 
America the hot-air type is usually employed. Fi 
private use or small establishments, the tank is of mof 
service; but for very extensive breeding farms, tli 
largest size hot-air incubators are, considered essential. 

In selecting a machine, have the best that can I 
afforded, and, if it is bought comi)lete, see that it beat 
a trade mark'. The manufacturer who has proteett 
his wares has both^ his capital and reputation at staki 
Any of the iltachines described in earlier ebapters may li 
regarded-&^orougbly reliable. 

A really reliable incubator requires very little att' 
tion. Simply trim the wick, fill the container with ' i 
and turn the eggs over twice a day; the whole routi i 
should not occupy more than twenty minutes. Tli 
work and management of a machine is simplicity itsc! 
The best sizes to use are the 60- and the 100-egg bi2 
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near). Tkc STnaller ones arc with difficulty main- 
ed at a regular tcmficrature, and cost more in pro- 
on to size. Much larger machines arc host adapted 
the, very extensive breeding estalilishrnents. 
or successful hatches, the eggs should be as near 
ossiblc of the iiiie, age. For this reason alone only 
large breeders can fill up even one incubator of 
or, say, 800-egg ca]iacity in f.lie most satisfactory 


I Position.—Place the incubator where it is to bo worhed; 
^om facing north or free, from the sun’s rays. A cellar 
^ther cool ]>laee free from draught is best; lU'ver an 
|iiouse, where tlieve are great variations of temperature, 
fcthat it stands level and is firm, 
filling Tank.—Fill the tank with very hot water by 
Infilling tube on top of the machine, 
p'he Lamp.—Fill the lamp with oil. If a “Silver” 
ajhimuoylcss burner, cut the wick straight across (not 
lb shaped), .and allow it to burn a few' minutes to obtain 
pood flame. Wlien burning and trimmed correctly, 
^ it under the flue. 

[itegulator.. Put the capsule in its place in the centre 
!the hanger, and slide the lifting needle down the centre 
|e on top of the machine, so that it rests on the button 
the centre of the capsule. The upper cud is placed in 
► socket of the regulating screw. Place the weight as 
f'ES it will go to the left. Turn the regulating si;urew. 
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and see that it works ireely, the damper hanging direct 
over the chimney where the lamp is burning. 

Moisture_Put the canvas in the water tray, and 

the eggs are not new laid, half fill with warm water, ai 
place it in the centre of the egg ihanibcr. 'I’hc apcrtu 
in the zinc trav bottom should rest over the bole in t 
floor. If the eggs arc new laid, put no water for abo 
the first fourteen days. See that the. water is reiilciiish 
when reijuired and the canvas kept clean. Next sjirci 
the canvas in the egg drawer. 

Thermometer.—Put the thermometer in its po.sitii 
in the egg drawer front, and always keep it there, 
should be drawn out far enough to sec the thread of mcrcu 
when reading the temperature. 

Initial Regulation_-With the egg drawer in, leave tl 

machine. In some ten hour.*), according to the wcath 
and season, the incubator can be regidated by inovis 
the screw and weight, so that the thermometer regist*" 
the temperature ah.which it i.s proposed to work; lOt! 

not quite touching the eggs, w 
When the adjustment has bn 
the egg drawer will remain consta i 
lie damper should bo bfted off d 
chimney at 102". Kndeavour that the heat in the i 
chamber never exceed,') 104". 

Eggs_Eggs marked with an X on one side am! 

on the other are placed on the canvas in the egg dra*'® 

no 


with thevAcitoOtoeter 
suits. 



give 

couipl^^^^^^e heat in 
Ka|tilat«i properly, tl 
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The weight should not be more than halfway acros 
rod. Remember that the nearer the weight to the 
the more sensitive the capsule. 


Evaporation.-Evaporatiou of water in the tai 

not very great; but see that the tank is kept full, 



Fi«. 89. -I-'ertile Egg after 
7 days 



Fig. 90.-Fertile Egg aftct 
13 Days 


dillicuity will be Experienced in maintaitiing the tc, 
peraturo of the egg chamber. 

Exa^Plng Eggs.-I„ ^ week the eggs should be . 
ammed lK^forc a light. Those that look .lark are fer, k 
and should be ,>ut back i,i the egg drawer. The cm 
that are clear and look like new-laid eggs are not fen 1 
and should be removed. The appearance of a fen l 

egg after a week is indicated in Fig. 89; after thirt.cr 

iia 


VN- 
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Fi". 90; and at twenty days, in Fig. D1; an 
egg—a fertile egg in which the germ has died—in 


of Incubation.—The periods of incubation are. 
eggs 42 days, swan eggs 42 days, goose eggs 90 days, 


?gs 28 days, duck eggs 28 days, pheasant eggs 
hen and bantam eggs 21 days. 

Eggs, etc.—The eggs should be put carefully 
and kept in this position ; they are then more 
irned over. The average-size egg will give best 
Many eggs go into incubators with a fracture, 
that it can hardly be seen before a good light; 
eggs as they are being introduced into the drawer 


ImiJ. ^2. -Addled Egg 


91.— Fertile Egg at 
20 ^ays 
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are given a very gentle tap together, a cracked ()■> 
instantly detected by the sound. Of course, it is-, 
discarded, although with valuiible eggs the trucluro, s];i 
be covered over with a snnill strip of court jilaster; ■ 
handled carefully tln'v usu.nlly hatch. The eggs 
be niark'al on both sides to piisiirc their being tu 
over. A good device is the' 
one side and an X on tlie o. 
With large quantities of cgj 
incubate, it inav bo asceril 
when they are due by ad 
tv\enty-one days to the 
shown on the eggshell. 

How to Keep Records, 
hatching results should be I 
with ease and accuracy, 
method de.vScrib('d is brief, sin', 
and correct. Eacli inevb 
should be numbered. A 
holder having a hole in the top by which to frospoml 
made to carry ^;no dozen pajiers. A useful size wo >1' 
3 ini, tin- size of a trade.sman's husiuess card 
is s^fewhed to a nail ot tack on the front of each ni.i- i 
The jiapcrs should be written or printed as in Fig ' 
Whatever now is required can readily be b 'O 
Take the tablet oft the macliino, and enter againsi ' 
heading what has been done. For iustance^JI’’tl'J 
1*4 



93. Card in Holder 
for Keepinii Rccyd 
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genn always rises to the top wliiclicver way the o’* 
moved. Now, by tills life germ eomiag into ss-, 
contact with the cold part of the egg, and, besidesl'i 
having to reiniiin to be “cooled” or “aired,” it 
the first stages of its developineiit unable, to witl '1 
this treatment, and so dies. The hen leaves her im.' 
feed, etc. ; this allows the eggs to cool graduall}'. 
she returns and “shnllles” or moves them, thosea 
she docs turn do not suffer by their germs rising t,|| 
upjier and cold .snrlace, because (he hen is on theiiB 
soon supplies the. necessary heat. This is a most iy 
point in incubator nianngemcnt. (' 

Cooling the Eggs. - For the purpo.se of coolin it 
eggs, open the drawer as wide as possible, and 
turning the eggs by rolling them over towards the Oilo' 
As soon as a few rowvs are turned, close the drawer it 
much. Continue the turning, and as more rows are tni|ii 
close in the, drawer, until all the e.ggs have, been tru^ 
With large incubators this operation has to be B 
quickdy, and the time tahon in turning the eggs moil" 
and night cools them sulficicntly. The next week all 
a little Ipiiger; the la.st week from five to fifteen min ■ 
willjl^jfejuired. The season and weather arc great fa' ■■ 
■foifie considered. But here is the ]iroof that will al 'a.' 
denote if cooling has been managed properly ; sec tha'd' 
temperature (103^) is back again in au hour. If this F™ 
perature returns in, say, twenty minutes, it means the egS 
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Moisture for the Eggs.—This is one of the| 
important items in ineuKaior manaftemont. A coni ‘ 
person is able to tell by the air sjiace wliat moi*' ' 
wanted and when reijnited. It is very sinii)l^4' 
Hold a new-laid egg before an egg-tester, 
shield with the hands, which is better aep B 

will be noticed that the size of the air colb, {,.1 vH 
the egg is only about the size of a threepu- n\ . H 

small air roll is the proof of being qui : k. H 
say, four daj s the air cell has grown to ti » 'll B 
pence; in ten days to as large as a shillin!' X 
The more stale the egg, the larger the air | if 
is due to the fact that the egg-shell is porous, ai 
tion is continually going on. Sometimes the 
at the small end of the egg, or at the side; bu* 
it is at the large end- Here, then, is the vital poiin 
regard.s the air cell and hatching. With new-laid i?J- 
told by the small air cell, put no water for, say, tiiti’t 
days. With stalgr eggs, those with the larger air tell 
place water in the moisture tray at the beginning. B} tin' 
means on the nineteenth day the air cells in new-la'd 
thft^aler eggs become about the same size, and allow rw 
£(^he living chick to break its way through the ege slif 
On tlie nineteenth day it is an excellent plan b In 
a piece of flannel, cut a trifle larger than the egg d a"‘ 
wrung out in very hot water, laid rapidly over ; I * 
eggs, and the drawer closed for ten minutes. Th a <* 
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3, if necessary, on the twenlietli and twenty-first 
the chicks seem to ho in difficulty, coming out 
ells thriiiigli dryness. Lay this qiiite hot and 
11 over the cgg.s, and clo.se the drawer for a few 
Oi)cn, and remove the flannel quickly, and 


pneubators allow more moi.sture than others. 

c-hundred egg size, four J-in. ventilating holes, 
i front, f in. below the tank, w'ill give the best 
ith the non-moisture or hot-air machines, open 
ators, quarter open at first, and gradually have 
open by the nineteenth da}', after which time 
fose them until the chicks are hatched. 

Examine the Eggs.—For examining the eggs, 
bne, large end up, with the points of the fingers 
Siumb of the left hand before a lamp or candle. With 
&ipht hand partly closed hold it over the top of the 
I This will practically surround it, leaving the back 
me egg uncovered, for the light to shine through. The 
Sell is shown up quite vivid, and in a fertile egg. the 
i can be distinguished on the fourth day, looking in 
B of blood, like a spider in its web. The clear or 
■tile eggs should be discarded. This method is better 
i using an egg-testing lamp, many forms of which 
;be found illustrated in dealers’ catalogues. The eggs are 
mined with greater rapidity, they do not come in contact 
k anything cold, and there is a lighted room to work in, 
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The Drying Box.—This feature of an incubator is 
useful if properly understood. In tlio egg chamber there 
is a moist heat; in the drying box it is dry heal.. Chie.lis 
should not be loft too long in thi.s dry air, or they 
become excessively thirst)-. 

How to Manage the Lamp.—The management of 
an incubator lamp is one of the most important faelors 
in the ultimate success of tlie machine. The laraj) should 
produce a clear light without smoke or unpleasant 
smell. Thus it is ncecssary to Lave a good, clean burner, 
best oil, and proper wick. The latter collects from the 
oil dirt and foreign matter, whieh make it swollen, haul 
to wind up and dow'ii the wick tulie, ajid the oil is pre. 
vented from being freely drawn to the burner. 

A new wick .should be. used every two or throe hatches. 
It is sold prepared and in lengths ready cut. The lamp 
should be trimmed morning and night. A lamj) filled 
with oil gives much more lieat; it need not he turned 
up so high as the half-empty one, and it is safer to use 

Always allow a laraj) to,burii a little, to sec that it 
is all right. Then before inserting it in the machine 
lower the flame a trifle; the flue draws the flame a little 
higher. A laraj) turned uj) high does not smoke wile 
on the table, but it will when j)ut under the flue. More 
heat is procured from a good, moderate light than a 
dangerously high flame. 
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Various Incubators Described 

In this chapter will be described some leading incubators 
which, wliile very far from exhaustitig the list of com- 
miTi'ial machines, will yet be, fimml typical of incubator 
construction at flic present time. 'I’hcy are classified 
as {!) hydro or hot-water machines, (2) hot-air machines, 
and (.d) combined hydro and hot-air machines. One 
incubator, in jiarticiilar. claims to come under the tliird 
classification, altliougb, in one sense, all li\'dro machines 
can be said to be in that class, as fbeir W'orhing depends 
on bulb hot water and hot air. Spcakdng in general 
'erms, the liydro inenbator—substantially on the Iloarson 
niodc.l—is tAjiical of Rritisb macliincs, and the hot-air 
iiicnhator—on the <• ffyphors ” and ‘-Prairie Stale,” models 
- of the American macliines. Of recent years, however, 
Some notable Pritisli hot-air machines liave been introduced, 
at least one of fhem being jiurcly a British (iroduetion. 
It will be noted that, the leading American makers have, 
agents in England. 

Hydro Incubators 

Hearson’s “Champion” (Spratt’s Patent, Ltd., 24 and 
25 Fenchurch Street, London, E.C.).—There is no need t-o 
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dftsrribo lliis \vell-know7i mncliino fullv in tliis cliiipter. 
Tho hydro inciilmtor.'i descriliod in romiilcii' di'tnil in 
Chiipti'rs If, and III. lue of Iho Ifi'ar.son (yin’, and it 
must always lie rpinomliorod lhat (ha f!;iva((>r ninnher 
of hydro inaohinps owe their design to (ho original Ilear.soi. 



Fid. 94. Section tliroudli Hearson's “ Chaoipior ” Incubator 


It was Charles B. Hearson’s invention of the eapanle 
regula(.or which made pos.sihic tinifonnly successful results 
with artiftcial incubation, and on (he, c,x|iiration of the 
chief Hearson patent in 1895, liis design was universally 
taken up. On the covet of this book is illustrated the 
Hearson machine It is made in the following sizes:— 
25-egg, 50- to 60-egg, 100- to 120-egg, and 240-egg. There 
we special sizes for ostrich eggs, etc. 

The section of the Hearson “ Champion ” machine (Fig. 
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94) will be familiar to readers of earlier chapters:— a is 
the water tank ; B, moveable egg tray ; r, water tray ; 
II, holes for fresh air; n, ventilating holes; f, damper; 
G, lever ; n, lead weight; K, wooden slips ; i,, lamp eliimney 
and fine jiijic; m. non-eondneting material; N, tank 



Fi^. 95. —Tiimlin’s “Nonpareil” Incubator 


thermometer; o, needle for communicating expansion 
of capsule s to lever a ; p, niilled-head screw; r, filling 
tube; s, capsule; t, paraffin lamp; v, cliimney for 
ilischarge of surplus heat; w, chimney for discharge of 
liroducts of conibustion. 

The action of the capsule is fully gone into in the 
chapter dealing with regulators, where also the Hearson 
gas attachments are described. It may be said that 
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the makers sujiply the iiieiibiitor 0 (im|ilete an<l ready 
for use, execi)t fur oil iu the lamp, auil water iu the 
tank. 

Tamlin’s “Nonpareil” (W. Tamliti, Twiokenhain).— 
This is another high-grade machine, in design tvpieal 
of the hydro class, and in woikmansliip everything that 




I'ig. 96. Tjinilin's Auli>mjlic 
Self-J.upph’in^ l..uinp 


97. Evcra!l*s ('apsule 
Regulator 


it need be. Its sizes (hen egg) are as follow ;—30-egg, 
Oft-egg, 100-cgg, and 200-egg, besides which there is a 
3U-ostrich-egg. The maker claims great advantages from 
the strong construction of the wooden outer and inner 
cases, the former having brass fittings. The appearance 
of the 100-cgg machine when fitted with drying box and 
a self- upplying lamp, will be understood from Fig. 9.o. 
The shallow tank which, however, retains the same area 
01 radiating surface underneath is a feature of all Tamlin 
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machines; it is made of 8-lb. hard-rolled copper with 
four-fold seams. The smallness of the tank cajuicity is 
f'laimed to be a large factor in keeping down the con¬ 
sumption of fuel. The, lamji is cither of the ordinarv 
kind, or it is of the automatic self-.supplyiug kind shown 
in diagram by Fig. 9<i. The container holds enough 
oil to keep the lamp in u.se for three or four weeks, and 
bv me.m.s of .a .''.peeial de\ii'e the oil ks maintained at the 
same level around the wick. The regulator is of the capsule 
tv [ e Mipj.orted ill a .strong brass ."tirruf), its sjioeiality 
beiug the presence of a eomeal shield (.sec Fig, 97), made 
of a non-eondueting maten.d which )irevents the cai^sule 
being iiillucneed by heat radiation from the hot-wat.er 
tank. 'The introduetion of an insulator prevents anv 
heat eonducted by the .stirrup from affecting the capsule. 

The “Peerless” (H. Al. Sheei- ('om[iaiiv, Quincy, Illinois, 
ikS.A.).—This has many ]>oints of novelty in its design, 
but it i.s no, refleetiou upon its undoubted mcrila to say 
that it ks not likely to be so pojmlar with the British 
buyer as it is with the .American public. It is made in 
two chief sizes, 100-cgg and ‘iOO-egg, and the maker sends 
out the parts and fittings together with full instructions on. 
putting them together. Fig. 98 is a longitudinal section 
through the essential parts of this maehiuo. Air enters 
at A, passes between the double walks, and enters the 
egg chamber at b, where it is warmed by contact with 
the hot-water tank L. It escai'Cs from the egg chamber 
J2S 
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at D, below the eggs, atid from the machine at G, passing 
through flues E and f on the way. The tank is unlike that 
of any other commercial machine. As .shown iu Fig. 09,* 
it has heat retaining and distrib>iting bars underneath 
the tank, and there is a sheet metal deflector (not shown) 



Fig. *^8. Section through “Peerless” Incubator 



on top. The deflector radiatja the heat, the makers say, 
and the bars absorli it, and, later, distribute it equally 
to all parts of the chamber. The tank capacity is, of 
course, comparative!}' .small, and there should be a 
corresponding saving in fuel emsumption. The water, 
heated in boiler ii {see Fig. 98), j)a.s.se-s through i to the tank 
cross-tuljo j, whence it travels in both directions around 
the outer tubes of the tank, entering the centre tube at K, 
ia6 
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returning to the boiler through m. The capsule regulator, 
of spceial i.oiistruetion as explained on pp. 95 to 97, 
ultiinutely controls the temporntnrc by lifting or lowering 
(he (limi|HT I’. When p is lified, all the heat from the 
lanij) llainc n [lasses direct tlmnigh tiie central flue o, 
and esea])es under (he damper. When p i.s down, all the 
heat must i)ass between the inner flue o and the wall 



100 ijnd 101.- -“Acme” 'IVip Burner 


f the boiler ii. Merely a slight lifting of the damper 
eause.s part of thi' be:it to pass through o, and the other 
part between o and h. 

The regulator controls the lamp flame as well as the 
damper, the size of the flame being reduced or increased 
according to requirements, thus conducing to economy. 
The “Acme” trip burner is shown by Figs. 100 and lOI. 
It is made throughout of No. 24 gauge, brass, pressed and 
•not spun to shape. !(■ has inner and outer domes, which, 
together with the eontrolling device, are iustantl.v' re¬ 
movable for cleaning. Referring now to Figs. 100 and 
I a; 
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101, the former showing the Ininicr with full Ihitiio, aud 
the latter with small flame, the wick f is held adjustable 
in a metal sleeve e connected by a stud to lo\er i to which 
is attached the light chain dej'ending from tlie end of the 
damper rod {see Fig. 77, j). 911). Sleeve A is ojicrated 
Dy trij» lever B through lug c. i) is the flume, c; inner 
dome, and ll outer dome. The maker supplit's to order 
an auloiiiiitic gas valve having a lever rorresponding to 
lever i in Figs. 100 and lol, so that the siiiiply of gas Li 
reduced or increased as the damjicr rises or falls. 

The “Klondyke” (Klondyke Tncuhator Company, i)e.s 
Moines, Iowa, U.S.A.). There, are many evidences of it.s 
American origin in this incubator. It is made in the 
following sizes (hen egg):-- 100- to ]ir)-egg, 150- to I (55- 
egg, 200- to 225-egg, and 250- to 290-egg, ajid an idea of 
the general construction can be gained from Fig. 102 
which shows the incub,ator with part of the woodwork cut 
away to reveal the internal arrangement. The hot air 
from the lamp is conducted through a flue aroujid which 
is the tubular water tank mac|e of copper. The case is of 
cypress, lined with non-conducting paper, and is double- 
walled, with an air space between the walls. The sides, 
top, and boitom arc con.structcd in the s,amc way. To the 
egg chamber there is an outer wooden dour and an inner 
glj,ss one. The makers attach great importance to the 
lamp (the “ Oakes Hydro Safety ”), showm by ]Cig. 103; 
they say that smokiness and the growth in size of the 
isS 
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flaino !iie due to the upjier end of the wick tube bocoming 
licit eiiounli to convert the, oil idong the sides of the wick 
iilto guK, which esi-aiies at both ends of the wick tube, 
ciiiising lialiility to e\'|ilosioii iiiid an increase in the size 
of the IJainc*. In ‘he “ Hydro Safety,” the. wick tube is 




i“i^. 103.Oakes’ Hydro 
Safely *’ Lamp 


!■ iter-jackctcd just belon its ujiper end; connection is 
made through’ brass tubes to the brass reservoir shown 
to the right in Fig. lOlh so as to ensure a circulation 
of water around the wick tube. 

Beneath the egg tray is the chicken nursery, which is 
a lower temiierature. 


Combined Hydro and Hot-air Incubator 
The Asbestio Hen (R. doope and Oonipany, Stepney 
b'piarc. High Street, Stepney', London, B.).—The speciality 

ol this machine is that the sides, bottom, top, etc., which 
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in other incubators are nuMle of wood, are in this ease 
made of asbestos board, which does not crack, warp, 
rot, or harbour \erniin, and in addition is a poor coiiduetdr 
of heat and non-conibustible. There is an internal jiackiiie 
of niiieh the same nature. 'I’he sizes (hen ejrp) are a 
follow -:2‘l-eg{r, 30-e»f;, tiO-eop, ItMtepir, ‘iOlt-en;:, and 
liOtt-ejifr. Tlie makers claim ad\antii}.'es from the special 
system of heatin" and ventilatiot,, the former bein” accom¬ 
plished bv hot air and by radiation from a water tank, and 
the latter by moist lic<tt.ed air automatically .supplii'il. 
The air entering from out.sidc comes into contact with 
a hot flue and, in a warmed condition, jia-sses into tlic oee 
chamljcr, down between the enes to tfie floor level. tbene‘- 
to the open air up a ventilating .shaft whose moulb is 
fitted with a .slide to regulal.e the amount of air passing 
through the niaehine. ffuring hatching time the slide 
is kept partly elo.scd to retain the moi.slure necessary for 
the safe delivery of the chick,s from the sliells. The 
machine is heated, as already briefly indicated, by means 
of a Lot water rank fbrou^i which pa.sses a double*flue. 
A moist air shaft is at t he back of the machine and extends 
from underneath. The moist air from outside is admitted 
by this shaft, warmed by bein'g distributed over the tank, 
and passed down through ojicnings in the funk, and then 
Tcafhc.5 the eggs which it very slightly moistens. Thence 
the air fiasses between the eggs and escapes through the air 
sliaft. The inventor is a firm believer in the theory that in 
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natural incubation the necessary moisture is supplied by the 
respiratory organs of the hen's liody -not from the ground. 

An nnderneatli nursery is a feature of the Asbestic 
Hen. The chicks t)u hatching j)iiss from the. egg tray to 
the nurserv beneath, where the, teiti[!erature is the more 
healthy one of tt.') ’ p. At slight extra expcn.se, the inacliiiie 
can bo fitted witli an inti'mid self-contained electric lain)), 
ilius making it possible to illnmiiiatc tlie interior of the 
niaehinc merely by [ire.ssiiig a button- -a great advantage 
when re.ipiiring to read the thermometer or to observe the 
progress of hatcliiug. The makers snpjtly on request 
their “Saivtymo” turning tray with whieh the eggs can 
■a.’ quiekly turned wdinmt lonehing them with the haii'Is. 
I’ndoubtedly, the A.sbe.stic lien is an incubator with many 
noi'et but oarefullv tbonglit-out features, and is well worthy 
• ■f .study. 

Hot-air Incubators 

The “Cyphers” ((Vidiers Incubator Co., Buffalo, New 
I .irk, IF.S.A., and 119 to 125 Finsbury Pavement, London, 
I'jiiglaud). —This is {lerhaps the. beat known of all American 
ineubators. It is made in the lollowing sizes (hen egg) 
To.egg, 144-egg, 244-egg, and 39l)-cgg. The 244-egg 
machine, shown in Fig. ll'4, is tvjiical of all the sizes, 
xcept that the smaller ones do not have, nursery drawers 
• Inch, in the illustration, are shown open. 

The case is of white pine, the cavity between the outer 
and inner walls being packed with non-conducting material. 
131 
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The method of licating is typical of many hot-air machines. 
The galvanised iron lamp coiitain.s a cylindrical brace to 
[ircveut buckling of the metal either top or biit(.(mi. Kot 
the purpose of ensuring a low, clear and steady flame 
during hot weather, the ('(Toctive width of the lop of the 



Fig. ]04. The " y^pterh ■’ Incubator 


wick may be restricted by fitting a flame reducer, which 
merely slides on friction-tight. 

The heater, directly over Ihe Ininji, is constrruted 
According to the sectional view shown by Fig. 105, in 
which 1 'j the main flue exhausting into k, through casting p. 
The flesh air is admitted through h, where it is warmed 
by contact with i; and it passes into the body of the 
13a 
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iticiibator thrn\ii;h u, liokl in tlie flange casting c. Tlie 
used air comes back via pi]io d and casting k. a is the 
top cover casting willi esc,aj)e fine, l, over which is the 
il.ini]ier. An air-sj^aced asbeatns jacket o, 2J' in. thick, 
co\-ers the entire oxt(Tior of the heater. The warmed, 
frc.sh air on beini: admitted to tlie body of the incubator 
i.s dilTn.~ed tlirough poroin diaplir.igins, whit’h compose the 





N 


I'i};. 106. ‘H’.> pliers” 


All-met.il Regulator 


t ig. lOS. “ fCyphers” 
Heater ^ 


np[ier and lower divisions of the egg chamber. The venti¬ 
lation i.s quite automatic, after the regulator has been 
adjusted. The second and third sizes of macliiTie are 
trovided with a droj)-bottoiu j that is, the bottom }>anel 
consists of a frame enclosing a, hinged bottom, which can 
be let downi to any distance until it toiudies the floor, thus 
' xposing the under-surface ot the lower felt diaphragm, 
and facilitating ventilation in hot, dry weather. 

The regulator or thermostat is of the all-metal typo 
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(,w Fig. lOOy, and i.s comjiosnd of throe soj)aratc strijiw, 
two of ziiio and one of Rte.el. all having their long edgoa 
bont down at right angles, the zino st.rijis being notched 
at the centre. With differences of temjierafnre, the zinc 
expand.s or contracts much more than the sti-el. am! 
therefore the angle formed at tin' centi'e of t.lie zinc bars 
is altered, thu.s inijjarting an up or down nnn'cment to a 
vertical connecting-rod. which movement is utili.sed in the 
customary manner l.o rai.so or lower a damper. In Fig. l(Ml, 
which re.prescnt.s the thermostat and il,s conneetions diii- 
grammatieallv, the letter ri-fcrencc.s are a.s follow.s: A.ther 
mostat; i!, brass nipple for attachment of connect.ing tribe c,; 
I), centre guide lai.sting, with bc'ic ca.st.iiig rc; k, pivot ca.strie' 
to which is attached wooden arm o and counterpoifse n; 
J, conneetiug-rod with adju.sting nut K and lock-nut. L. 

“Prairie State" fPrairie State Inciiliator (!o., llomei 
City, Pa, ll.S.A.; Finch and Fleming, Ltd., Flitwick, 
Bens).-- Tills machine, Iras a liigh reputation in Groat 
Britain. The, .standard maeliine is now the “sand tray,” 
the jirineijial sizes (hen egg) Itbiiig 10(l-egg, 15i)-egg, d-K)-cgg, 
and .39t)-egg. The doiilile walls are made of chestnut, 
poplar, or jiine, the legs lieiug of maple. The packiirg 
mate.rial is cotton batting and strawboard in alternate 
layers, the parts of the machine exjiosed to the greatest 
heat hc.ng insulated by mineral wool and asbestos. The 
makers guarantee the machine to be fireproof, and state 
that over a period of twenty years not or>« of their machines 
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lias rail''lit fire. Much adva.nlaf'e, is rlaiinod from the 
fact that tho heat distrihiifioii is on the, “ eddy-curreut ” 
l1riiiei|)le. 1’he cddy-curreiit, tin* makers say, had the 
elTect in tho iin|)erfectly de.siyned machine of causing iion- 
uniforni heating, hot .s|iots occurring in tho egg-ehamber 
first in one jilaee and then in another ; but in the “sand 
tray’’ machine tho eihl\-current i.s em|iloyed as a vehicle 
for carrying the. hot air to the cold parts of the. machine. 
Ventilation is amply provided for, and doi's not, inflnenee 
the antoinatic heal il.'stribiition, (In* makers having sneh 
faith in the f.riith of this statement that, in their largest 
macliine they use a flat, egg tray, which conduces to ipiick 
,es.s and ca.se of fnriiing. The heater is, as usual, on the 
outside of the machiiio, and in its eoitsfruetion it is Iap}ied, 
teamed, riveted, and soldered. Any soot de.]iosita, should 
•hev occur, can be readily removed. Jt is insulated with 
I,. a.sbestos jacket covered with a neat hood, its exhaust 
lieing a small .found jiipe so arranged that the lamp fumes 
can be taken directly into the outer air. 

X current of warm jmre air entens the machine from the 
heater, and is forced continuously through the egg chamber, 
'Ut from this point onwards the ventilation is on a different 
priiici))le from what is customary. The heating current 
.’oes down part of tho way in the egg chamber, and passes 
' ' rough apertures in the walla above the eggs; conse- 
■piently tlicre is a direct current only in the upper part 
of the egg chamber, the actual ventilation of the eggs being 
13S 




INCUBATORS AND CHICKEN REARERS 


caused by molecular difTiisiou. The ais, having ])as;)ed 
through the apertures in the walls, flows downwaril info a 
space under the mirserv, where it is released, fhorouLdifv 
wurming the bottom of the nuichinc and then passing away 
through holes to the outside air. The eggs do notr reeeiv 
any bottom heat, the, warm air cun'cnl mendv wanning 
the nursery to a wmpeniiure of from So to Oil F.. depend¬ 
ing U]ioii the tempor.itnre of the loom. The, entire bott'iin 
of the machine i.s oeeujiied with a galvanised iron pan 
containing wet sand ; this moisture is being constanllv 
given off underneath the eggs, whteh. according to the 
makers, is a verv close ajiproach to the natural conditions 
found witli the hen. At the end of the ineubnfor i.s a 
auction lube communicating w ith the hotit.om of the ehieken 
niir.sory and opening into the onf,side air; hv its means, 
whenever desired, a current of air can be .sent, fhrongh 
the eggs and nursery with the object, of carrying off moist lire 
ana hardening the, chirks during the iattw pari, of t.he 
exclusion period. The reguhit,or, jiatented as recent,Iv as 
U)tl7, coii'.prLses a speeial design of ,steel-zinc thenno.stat,. 
The attachment to the regnhitor rod is at t.he extreme 
end of the, device, and not,, as in the majority of metal 
thermostats, at the middle. 

Below the. egg trays is tin; nursery, into which the 
chicks mil through an aperture fonncii by removing a 
loose slip at the front.. The bottom of the nursery is 
covered with a canvas mat tacked to a light removable 
136 




VARIOUS INCUBATORS DESCRIBED 


frame, the baok»part of wliich is a wide board ; by means 
of this frame tlie chicks can bo witlidrawn. 

The “ Gloucester ” (The rrlonccs|,('r Tncubator Company, 
Cloiicostcr).-This is a well-made machine of British 
mainifactiire, although in manv respects reminiscent of 
American design, ft is made in the following sizes (hen 
cey) : trt-egg, (Jfi-eye, lOO-egyy 150 egg, i50-cgg, and 
:{!»() egcr. It has a we|l-ma,de case, the outer walls being 



107 anJ lOH. Sections rttrou^h Gloucester” Incubator 


idc of kihi-tfricd and tongned very narrow boards, 
mortised and* tenoned and screwed and glued together; 
the theory, ba.scd on a generally known fact, is that the 
narrower the boards the loss is the trouble from shrinkage. 
In the cavity between the double walls is packed laminated 
'. egetable cotton ; and in places, notably over the heating 
pipes, the insulation t.akes the form of layers of cotton¬ 
wool bctw'een strawboards, the v\hole being greatly com* 
i lesscd. For heating the incubator, the lamj) is supported 
at the side of the machine, as in a hydro incubator, in¬ 
sulated therefrom by means of asbestos lagging. The 
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lamp, by means of a toggle lever device, can be either 
lixed or removed with the utmost ease ; the bracket forms 
a support upon which the lamp can remain while triiiV 
niing and fdliiig. The makers have adoj)tpd a special 
form of burner and a self-filling lamp ; in the latter the 
oil is kp])t automatically at a uniform level, it being 
possible to remove the reservoir to get at the burner if 
desired. The special burner comjirise.s a mechanical wick 
trimmer, by means of which the wick can be trimmed 
in an instant without moving the lamp. 

The heater itself is of the type illu.slr.ited bv Kig. 
105, )). 1.33. 

Ji'igs. 107 and 108 show two sorptions thojugli thi^ incu¬ 
bator. The pipe introducing the, warm air will be noticed. 
The deflector or deile directs the air over a double porous 
di.iphragm of canvas, .and into the egg-chamber in which 
the eggs lie upon a wire cloth tray .sloping l.owards the 
centre. The air passes down through the niachine, and 
ultimately escapes at the bottom. By the use of teniow- 
able felts below the eggs, theiamount. of air pa.ssing through 
the machine is easily controlled. The lower felt is partly 
exposed to the out.sidc air, this being a factor in maintaining 
coriect humidity. 

Between the front of the egg tray and the door by 
which the chicks find access to the nursery beneath is a 
space of about 3 in., occupied untd, say, the first or second 
testing with a movable wooden slip upon which eggs may 
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1)0 |)laced. When “pipping” starts, the slip is removed. 
The chicks on hatching are attracted bv the light, and in 
Tnoving towards it they drop down upon a sliding platform. 
There is no need to take out the drawer and transfer the 
chicks from egg-chainber (o jiurserv. The iilatfoi'iu is 
■slowly withdrawn, so can,sing the chii'k.s to drop into a 
drawer having a stictched canva,s bottom. The use of 
thi.s arrangement obviati's the tcm|)tation to open the door 
during a hatch, a!)d coufseijnently cooling the chamber. 

The “New Buffalo” (Buffalo Incubator Com])any, 
Buffalo, New York, U.S..\.).- 'this incubator is the produc¬ 
tion of Oharles A. Hyphens, and follows in very many 
respects the well-known t:yi)her.s models. The sizes are :— 
f)0- to Ct'-ogg, 110- to 120-egg. 220- to 2'tO-egg, and .3-10- 
to 3()0-egg. The case is made of galvanised iron lined 
with fibre-board ; the cavity between the double walls is 
illled with non-conducting material. The front is of hard 
wood, with l)oth wooden door and glass door to egg-chamber? 
The heater is on the CV])hcrs model, its casing being of 
asb('.st03 enclosed in a galvanised-iron jacket. The heating 
and ventilating system is on the Cyphers style. The regu¬ 
lator is of metal. Wire-cloth egg-trays are employed. 






•39 



CHAPTER IX 


Chicken Rearers or Foster-mothers 

For chickens that have been hatclicd by artificial means 
a substitute for the natural mother is a jiritne necessity 
(luring the first few weeks of their lives. Tf strong, hardy 
birds are to be ensured, coddling must be avoided ; yet, 
until the chicks Lave their fcather.s, they must, be prov ided 
with a well-wanned retreat to which they can have aeeess 
at will. Free ventiilatiou must be [irovided, but, draughts 
must be guarded against,; there must be no rorner.s int,o 
which the chicks may huddle ; and the heat .source .should, 
if possible, be central. 

All the leading incubator manufacturers have tlicir 
own rpeciai designs of rearers, which, in t.hc. majority of 
cases, can be do[iended iijion. The purjvose of this c.hapt.er 
is not to describe the umiiy«'connnercial roarers, but to 
give plain instructions on making some rearers whicU 
have answered excellently in jitaetice. , 

ICO-ohick Rearer with Run_The fostcr-mothv'r 

shown in Pig. 109 is heated by a tank similar to an incu¬ 
bator tank, the lamp being in a separate compartment. 
The. run is made sojiarate from the hot chamber, the 

foster-mother ivroper, and is secured to it by a couple of 
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hooks, with staples to match. By unhooking, the chamber 
and chicks may be moved by the handles shown in Figs. 109 
to 111, and may be so carried indoors nightly in very c(*ld* 
or stormy weather, it doomed advisable. Fig. 112 shows 
an end view. 

The lcngt,h over all is 10 tt., of which the run measures 
6 ft. 10 in. and the hot chamber .'1 ft. 2 in. The extreme 
width is 2 ft. 10 in. 

The tank T is of zinc throughout, except the lliu's, 
which are of H-lb. copper, and is 2 ft. 0 in. ivide by 2 ft. 4 in. 
long, })lu.s the hue cxten.sion into the lain]) chiimber, 
which is 5 in. long by 4J in. wide. The tank is clearly 
shown in Figs. 110 and 111. It is 3^ in. deep, and ha.s 
flues j of 2-in. diameter extending round three of its side.s 
(sec Fig. 110). These flues are secured J in. from the 
bottom plate with three small feet formed by soldering 
strips of zinc i in. wide to the flues, bending them down 
to the form shown in Fig. 113, then soldering them in place 
on the bottom as iiulicated at i' (Fig. 110). A filling tube i, 
I in. in diameter, is jiiovided. 

An aperture a through the tank measures 1 ft. 4 in. 
by 1 ft. 1 in. It is lined with strijis of wood s (Fig. 110) 
6 in. wide and I in. thick. To these strips is fitted and 
hinged a glazed door h, which givcjj a clear view of the 
interior, and allows access for cleaning out, etc. The 
corner pieces c su[)port the tank and are. 9 in. high by 

6 in. wide, the tank being 9 in. from the chamber floor. 
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The inner walla are made U, fit the tank body, one 
end being long enough to ex(.eiid across to the outer walls, 
thus forming the partition wall r of the lamp chamber. 
The outside walls measure '.i ft. '2 in. long by 2 ft. 10 in. 
wide over all, and are. 2 ft. high at the front, sloping to 
1 ft. H in. at the back, and are I in. or 1 in. thick. A 
hinged top covers .all. .\ door for cleaning purposes, 
I f(.. S in. long by in. wide, i,s provitled, and another 
.0 in. by 0 in., give.s acces.s to the lamp. 


Fig. tl.t. - Section 
through Rearer 
Flue, showing 
Fig. 112. — End View of Rearer F'eet 

The lamjt chamber i.s .')j in. wide, and has a cro.sa 
partition u tp prevent t.hc chicks reaching the lamit i. 
'.'hile passing in and out of the doorway D. The, lamp is 
11 in. long by 2J in. deep, and of a width to fit its com¬ 
partment loosely. It has a 1-in. burner and a loose metal 
> himnev having a turned-in lapped or riveted joint and a 
mica-covered peep-hole. The tank and side spaces are 
packed with sawtlust to l.he level of the strips s, and are 
covered in with ^-in. jiine. 

A doorway i) to the hot chamber, 4J in. wide by 5 in. 
high has a door sliding in guides, which can be lowered 
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at night. A small gangway about 7 in. wide slopes from 
the door level to the run floor. 

I'hc run is 1 ft. 8 in. high at the front, sloping to 1 id. 
at the back (see Fig. 112). The roof is hinged in two 
lengths, the joint being covered by a strij) i, (Fig. loO). 
.'1 in. bv i in., secured to one-lnilf, so as to hip over. Tvo 
4-in. battens (one, n, only being visible inside the roof at 
Fig. 100) run the lull length o! eaeh root section, and 
are well secured with nails driven through and elinehed. 
The front frame is in one piece, and is covered with wire 
netting of 1-in. mesh. 

An ordinary thermometer should be hung in tihe chielc 
chamber, and the tem[i<,‘rature should be for the first 
week 90^, the second week 80’, and the third week 70’ ; 
but if the weather is warm 5’ or 10’ lower will be ample 
for the first fortnight. The.se, tenipcraturcs are better for 
outdoor rearing. The foster-mother should lace south in 
fine weather, but be turned with back to th/; rain; 

60-chick rearer.—Another style of rearer is sho.vn 
in Figs. 114 to 110. The woodwork is composed of match¬ 
boards and scantling. To accommodate sixty chicks the 
rearer may be 7 ft. long, 2 ft. wide, and 2 ft. high at the. 
back, and 2 ft. 0 in. high in the front. The matchboards 
arc 0 in. by | in. all through, and the scantling is 4 in. 
by 1 in. The back will require fourteen matchboards, 
2 ft. by 6 in. by | in. The lengths of scantling are: Two 
pieces tor the back legs, 2 ft. by 4 in. by 1 in.; two pieces 
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for the front legs, 2 ft. 6 in. i)y 4 in. by 1 in. ; two pieces 
for eacli end, 2 ft. by 4 in. by 1 in.; two pieces to form 
t)aek and front rails at the bottom, 7 ft. bv 4 in. by I in.; 
and two pioce.s to form the toji rail, from the end.s of which 
tbc liaiidlc.s are formed. 'I’lie loj) rails must In' 7 ft. K in. 
by 4 m. by 1 in.; tlierefore 42-ft. run will be required. 
Tlie two ends of tbe rearer .arc alike {ic<: Fig. 116). The 
sleeping place Is 2 ft. square. .A ].artition (Fig. 117) ia 
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fixed 2 ft. from one end, and another partition 6 in. from 
it, thus leaving a sjiace of 6 in. in which the lamp slides, 
but there must be a hole cut in the two ])icoes for the' 
chicks to pa.ss through from the run to the sleeping plai’c 
be.hind the end of the lamp. 

The rearer is mounted on two 9-in. cas(-iron trolly 
wheels, which are fixed at. the op|)ositc end to the handles ; 
thus the rearer is easily wheeled to fresh ground. 'I'hese 



wheels run on a piece of gas barrel about 2 ft. 0 in. long, 
which is fixed by means of two plate sta))les 1 in. wide, 
which are crowed to the seaillling. The ends are fixed to 
the back and front by 4-in. cut nails driven in on the skew. 
To fix the floor, two 2-in. by 1-in. fillets are nailed the full 
lengt h of the rearer, and the matehboard is nailed down to it. 

The top is inado in two jiarts ; one covers the sleeping 
place ana lamp shelter, and the other covers the run. 
The top should be 7 ft. b in. long and 3 ft. wide, thus 
lapping all round to run the tain well oS. 





CHIGKRN REARERS OR FOSTER-MOTHERS 


The tank should measure 1 ft. 10 in. square by 3 in. 
deep, and mu.st be placed with its bottom 9 in. above the 
floor. Its C(!ntral hole is I ft. square, so that the birds 
can be got at from the top and the rearer itself cleaned 
out.. Stout sheet zinc, say No. ! 1 or No. 12 s.w.g., answers 
the jmcpo.se, but coppi'r is to be preferred. It is cut on 
the. lines of Fig. IIS, ainl bent at right angles, thus form¬ 
ing the. bottom of the tank. The loj) of the tank is out 
m the same way in the cent re. Thus two sides arc formed 


—- =' ■>'-^ 



Fig. 118. —Fattern for Rearer Tank 

of the centre hole out of the top, and two sides out of 
dn‘ bottom. Thi.s tank must be well soldered together. 

The flow and return copper pi[' 0 .s, I in. in diameter, are 
next lixed to the boiler and tank, as shown in P’ig. 119, and 
a small tank is fixed on top of the large one for filling, 
and must always be kept full so that the jacket boiler o 
■Old large tank are also full. An air [lipe is fixed be.iide 
be small tank, and stands 1 in. above it. The filling pipe 
dips 1 in. into the large tank, but the air pipe must be 
fixed fiu,sh on the top of this tank to allow the air to get 
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away and prevent the water getting air-locked. The small 
supply tank is 3 in. by ‘2 in., and both ))ipes arc J in. in 
diameter. The return pipe must have a dij) in it a.s at X 
(Fig. 119), ami this will prevent the hot water flowing 
up it. Fig, 120 shows the iuside portion of the boiler, 
and the two [lipea n must be soldered in place betore 
sliding this [art into the outer jacket, .\bont I in. .space 
between the inner and oute.r <‘ases us suflieient. The two 
ventilating tubes are J in. long by | in. in diameter. 
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! 1'lie tank and boiler b(nng ready, next, fix in each 
corner of the aleejnng place a length of wood d in by 
(t in. wide. 'I'liese pieces (.s-ee the plan, Fig. ]'21) shiF. 
olT tilt' c.orners. and .so preveni. the birds getting crushed 
to ileiith in ihe corners, whieh is so often the case when 
stpinre slei'jiing |>kices are. nseil. Thus a resl.ing-pliice is 
niaile for (In' t.ank, ami .1 1-in. sp.ice i.s h‘ft all round the 
l.aiik to he filled with sawilnsf. or .silieal.e of cotl.on. K 1-ft. 



Fl^. 123. Hiirner Chimney 

•stjuare frame 3 in. dec}) is now fitted tightly into tlie stpiare 
‘ole in the middle of the tank and allowed to stand up 
I in. above the surface. Next fill in all over the. tank with 
sawdust to keep the heat in, and nail a ^-in. fillet all round 
the inside, of this frame, say 1 in. down, on which a wooden 
lid rests. This lid can be easily removed for cleaning-out 
'Hirposes or for attending to the chicks from the top of 
' lie rearer. 

A cojiper ring (Fig. 122) is cut and passed over the top 
of the part shown by Fig. 120 and soldered round the 
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bottom of it. The inner portion of the Imiler (Fio. 
is now placed inside the outer jacket, and the ring .soldered 
to the bottom edge of the outer jaeki'.t, thus forming the 
bottom of the jaekijt. The partition for the .sleeping place 
should have a gla.ss in it just uniler the boder, .so thm 
the lamp liglit.s the sleeping place ; a hole should also be 
made, in the farther comet at che back. 

WTth regal d to the diatance of the burner from the 
end of the lamp, the collar of the burner should be soldered 
on about 1 in. from the end of the petroleum container ; 
but it will be better to get the cone boiler in place first, 
and then to [lut the burner underneath th.‘ middle, of the 
cone. The best burner to l.sc is a l-in. tiueen .\nne. 

The chimney mav be constructed of thin tinplate, tie 
diameter being the same as that of the burner galleri ; 
the height i.s regulated by the distance between trlie bot.tom 
of the boiler and the burner, usually 4 in. An oblong hole 
is cut in the tin, about 2 m. long by U in. deep. A jiicee 
of mica is jilacod over this hole (.sw Fig. 12111. A brass 
frame fixed to the chimnuy by means of a tender .screw 
and nut at each end keeps the mica in position ; thus 
it is possible to see the flame without opeiiiug the door. 

The height of the chimney will depend on the dejiti 
of the lamp. If the lamp Ls 1 in. deep and the burnei 
1 in., then 3 in. will be left between the boiler bottom 
and the rearer floor; in that case the chimney would he 
iu. high, thus allowing | in. clear between the top of 
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lln^ cliitnnov and the bol.tdiii of the l)oi!er. The lamp 
may be I ft. (i in. lonp. 4 in. widi*. and 1 in. deep. 

• A cold brooder, into which the chicks may bo turned 
when fledged, jnid when no longer in need of artificial 
heat, is show?i in Kig. I'i-t. This jicriod cannot be .-irbilrarilv 
lived, as nuH’h will depend upon the .state of the weather, 
but from thri'c to six week's old mav be taken a.s the 



iser.ie,. agi‘ at which aitificial heat may be dispensed with, 
this bi'oodi’r may be 2 ft. square, tin' same, in height at 
b.ick, and tt in. higher in front; and the run 4 ft. long 
and 14 in. high. The house portion can be constructed 
of matchboarding with the whole of the. back hinged with 
cross garnets to open, and for the framing of the run 
2-in. by 1-in. slate batten will be just the thing. If the 
top of this is hinged as in Fig. 124, it will be found a con¬ 
venience for inserting food and water. 
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